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1.0  INTRODUCTION 


Under  sponsorship  of  the  Naval  Environmental  Prediction 
Research  Facility  (NEPRF)  through  Contract  No.  N000 1 4- 8 5 -C- 2 39 3 
with  the  Naval  Research  Laboratory  (NRL),  Calspan  Corporation 
obtained  sun  photometry,  meteorological  and  aerosol  physics  data 
during  the  Naval  Ocean  Research  &  Development  Activity 
(NORDA)  cruise  707-86  aboard  the  USNS  LYNCH  (T-AGOR  7)  --  i.e., 
the  Gibraltar  Experiment  portion  of  the  Western  Mediterranean 
Circulation  Experiment. 

Data  were  acquired  from  17  to  30  June  1986  during  daylight 
hours  in  the  Straits  of  Gibraltar.  A  data  volume  summarizing  the 
data  set  was  issued  in  January  1987.  This  final  report  provides 
analyses  and  interpretation  of  the  data. 

Radiosonde,  sun  photometry,  visibility  and  other  meteor¬ 
ological  data,  and  Casella  impactor  samples  were  obtained  by 
NEPRF  personnel  while  aboard  the  USS  America  (19-26  June) 
during  a  cruise  from  Palma,  Spain  to  the  Straits  of  Messina 
(between  southern  Italy  and  Sicily).  Included  in  Appendix  D  of 
this  report  are  tables  of  the  optical  depths,  visibility,  Aitken 
Nuclei  concentration  and  relative  humidity  and  Elemental  Particle 
Composition  from  the  USS  America  cruise. 

2.0  SUMMARY  OF  RESULTS 

The  objective  of  Calspan's  participation  was  to  record  the 
solar  intensity,  visibility  and  other  meteorological  data,  and 
physical  characteristics  of  aerosol  from  a  surface  observing 
platform  in  the  Straits  of  Gibraltar  for  subsequent  interpretive 
analyses.  Several  conclusions  and  recommendations  have  resulted 
from  our  data  analysis  efforts. 


Possibly  the  most  novel  piece  of  information  obtained 
from  our  analyses  concerns  the  surface  mixed  layer  depth.  It 


appears  that  the  capping  inversion  at  the  top  of  the  marine 
boundary  layer  is  not  always  the  top  of  the  mixed  layer.  The  top 
of  the  mixed  layer  can  be  below  the  inversion  base  with  a  de¬ 
coupled  layer  existing  between  the  mixed  layer  and  inversion. 
Several  estimates  of  boundary  layer  aerosol  optical  depth  were 
found  to  agree  better  with  measured  aerosol  optical  depths  when 
the  mixed  layer  depth  was  used  to  define  the  marine  boundary 
layer . 

Surface  visibility  fluctuations  were  found  to  correlate  with 
particle  concentration  in  the  0.56  to  1.78  micron  diameter  range, 
and  the  surface  relative  humidity  and  elemental  composition  of 
the  particles  controlled  to  a  large  extent  the  concentration  in 
this  range.  Visibilities  of  5  to  10km  were  associated  with 
particle  concentrations  of  >60  per  cc  in  this  size  range,  10  to 
30km  visibility  with  20  to  60  particles  per  cc,  and  30-70km 
visibility  with  <  20  particles  per  cc.  The  lowest  visibility 
occurred  on  the  18th  and  the  highest  on  21-22  June. 

3.0  INSTRUMENTATION 

Calspan  instrumentation  deployed  aboard  the  LYNCH  and  data 
acquisition  parameters  are  listed  in  Table  1.  Small  particle 
instrumentation  (items  1-3  in  Table  1)  was  mounted  on  benches  in 
the  chart  room  aft  of  the  bridge.  Sample  air  for  these 
instruments  was  drawn  through  a  two  inch  (inside  diameter),  30 
foot  long  sample  tube  by  a  pump.  Each  instrument's  sample  pump 
drew  the  required  amount  of  air  for  operation  from  this  supply. 

Residence  time  in  the  two  inch  tube  was  approximately  30  seconds. 
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The  HSS  visibility  meter  was  mounted  on  a  railing  above  the 
bridge  deck  on  the  port  side  near  the  sample  supply  tube  inlet. 
Drop  replicates  and  Casella  impactor  samples  were  taken  at  this 
level  also  but  as  far  forward  as  possible.  All  sampling  loc¬ 
ations  were  chosen  to  minimize  contamination  from  the  ship  and 
bow  spray.  Meteorological  observations,  sun  photometry  and 
psychrometric  data  were  obtained  on  the  bridge  deck.  Wind  speed 
and  direction  were  recorded  from  the  ship's  wind  system,  located 
20  meters  above  the  sea  surface.  Ship's  position,  speed  and 
direction  were  obtained  from  the  onboard  Satellite  Navigator  and 
from  the  LYNCH  deck  log. 

Daily  checks  of  instruments'  flow  rates  and  calibration  test 
points  were  performed  and  slight  adjustments  were  made  when 
necessary. 

Sun  photometry  data  at  several  wavelengths,  sea  surface 
temperature,  and  meteorological  observations  were  obtained  hourly 
by  NEPRF  personnel  aboard  the  USNS  Lynch.  In  addition, 
radiosonde  data  were  obtained  at  0800  GMT  and  1200  GMT  daily 
during  the  cruise.  These  data  are  not  reported  here. 

The  Casella  impactor  samples  were  analyzed  using  scanning 
electron  microscopy  for  approximate  size  determination  and  energy 
dispersive  X-ray  analysis  of  individual  particles  for  elemental 
composition.  Drop  replicates  were  photographed,  sized,  counted 
and  analyzed  via  computer  routines  to  provide  aqueous  particle 
size  spectra  at  sizes  >3  um  diameter. 

Appendix  A  and  B  contain  hourly  tabulations  of  observations 
(reproduced  from  the  data  volume),  aerosol  size  spectra  from 
the  EAA,  Royco  and  Drop  impactor,  and  aerosol  elemental 


composition  from  the  Casella  impactor. 

4.0  EXPERIMENTAL  PROCEDURE 

To  provide  a  complete  aerosol  characterization  of  the 
Straits  of  Gibraltar  region  for  use  in  visibility  modelling,  we 
obtained  aerosol  data  during  daylight  hours  when  visible  wave- 
length  satellite  imagery  would  be  available.  In  particular, 
emphasis  was  placed  on  obtaining  complete  aerosol  size  spectra 
(.01  to  100  micron)  and  aerosol  chemistry  data  between  1000  and 
1400  GMT  each  day  to  coincide  with  satellite  overpasses. 

Upon  departure  from  Rota,  Spain,  acquisition  of  meteorolo¬ 
gical  data  began  immediately.  Upon  reaching  the  Straits  of 
Gibraltar,  the  acquisition  of  aerosol  data  began.  In  general, 
readings  were  taken  on  the  hour.  Special  observations  were  made 
to  coincide  with  satellite  overpasses  or  to  characterize  signif¬ 
icant  changes  in  the  meteorology  or  aerosol  character  of  the  air 
mass.  Continuous  operation  of  particle  sizing  instrumentation  in 
the  0.01  to  10  micron  range  pinpointed  changes  in  the  aerosol 
character  of  the  air  mass.  Samples  acquired  with  the  droplet 
impactor  and  Casella  impactor  characterized  any  changes  in  the 
aerosol  character  of  the  air  mass  in  more  detail. 

5.0  CRUISE  TRACK  AMD  DAILY  ACTIVITY  SUMMARY 

Short  summaries  of  daily  activities  and  discussions  of 
meteorological  phenomena  observed  during  the  cruise  are  presented 
in  this  section.  Each  summary  is  accompanied  by  a  chart  of  the 
ship's  position  and  movements  for  each  day  of  the  cruise  period. 
Local  daylight  time  in  the  operation  area  of  the  cruise  is  GMT  + 

2  hours.  All  reference  to  time  in  this  report  is  in  Greenwich 


Mean  Time  (GMT). 
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17  JUNE 

The  LYNCH  left  the  pier  at  Rota,  Spain  Naval  Base  at 
07A2  GMT  and  cleared  the  harbor  entrance  at  0805  GMT.  Skies  were 
mostly  cloudy  with'-A  km  visibility  in  haze.  First  observa¬ 
tions  were  taken  at  1100  GMT,  skies  were  still  stratus  overcast. 
By  1200  GMT,  cloud  cover  had  reduced  to  0.1  thin  cirrus.  As  the 
LYNCH  continued  south  _toward  the  operation  area,  cloud  cover 
reduced  to  0.1  thin  cirrus.  We  reached  first  station  at  1A30 
GMT  and  remained  there  for  the  rest  of  the  day.  At  this  location 
visibilty  was  15  -  20  km,  cloud  cover  was  0.1  thin  cirrus  which 
increased  to  0.7  cirrus  by  dusk.  Observations  ended  at  1900 
GMT . 
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19  JUNE 


Observations  began  at  0600  GMT.  Our  position  was  ~ 7  km  off 
the  Moroccan  coast.  At  that  time,  seas  were  calm,  thin  cirrus 
were  overhead  and  visibility  was  3  km  in  haze.  We  moved  north 
from  700  to  0900  GMT  to  a  position  2-3  km  off  the  Spanish  coast. 
We  remained  there  for  6  hours.  During  that  period,  skies  were 
0.1  cirrus  in  the  east  half  of  the  sky,  but  these  did  not  ob¬ 
struct  the  sun.  Sun  photometry  measurements  were  obtained  from 
0700  to  1700  GMT.  Early  in  the  day  (in  the  southern  half  of  the 
Straits)  winds  were  •'2  meters/sec  with  variable  direction. 
Beginning  at  1015  (at  station  off  Spain),  winds  shifted  to  SE  and 
speed  increased  to  6-9  meters/sec.  Whitecaps  formed  during  this 
period.  By  1400  GMT,  the  wind  direction  shifted  to  W/NW  and 
speeds  decreased  to  3-4  meters/sec.  Drop  replicates  and  Casella 
samples  were  taken  to  document  the  change  in  aerosol  charac¬ 
teristics  associated  with  each  of  these  wind  regimes.  Visibili  ty 
was  generally  near  20  km  in  haze  with  an  increase  to  27  km  after 
1400  GMT,  associated  with  the  shift  to  westerly  winds.  After 
1600  GMT,  we  moved  south  to  a  point  10  km  NW  of  Tangier,  Morocco. 

Major  brush  fires  appeared  just  inland  of  the  Spanish  coast 
yesterday  ind  today.  A  significant  amount  of  smoke  is  output  by 
these  fires  and  may  contribute  significantly  to  the  aerosol  bur¬ 
den  over  the  Straits.  On  the  evening  of  18  June,  a  plume  from 
this  fire  area  was  estimated  to  be  —16  km  long  and  was  brown  in 
color  and  extended  in  a  easterly  direction. 


20  JUNE 


Operations  were  conducted  in  the  middle  of  the  Straits,  due 
north  of  Tangier,  Morocco.  This  day  was  mostly  cloudy  with  stra¬ 
tus  and  s t r a t o - cumulus .  Cloud  cover  reduced  to  0.5  for  a  brief 
period  in  the  afternoon,  but  quickly  closed  up  again.  Substan¬ 
tial  clearing  occurred  after  1600  GMT,  though  too  late  for  peak 
sun  photometry.  Winds  this  day  were  W  to  SW  before  1000  GMT,  but 
shifted  to  NW  after  1000  GMT,  associated  with  a  frontal  passage. 
Visibility  increased  from  25  km  before  1000  GMT  to  >40  km  after, 
with  a  particle  concentration  change  from  12,000/cc  to  4000/cc 
heralding  an  air  mass  change  from  mixed /continental  to  mari¬ 
time  . 
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The  ship  spent  the  entire  day  at  station  *»15  km  north  of 
Tangier,  Morocco.  Early  morning  s t r a t o- cumulu s  cloud  cover  (0.8) 
reduced  to  0.3  s trato-cumulus  by  1030  GMT  (mainly  over  land). 
Early  morning  visibility  was^64  km,  afternoon  vi s ibi 1 i t e s , ~80  km. 
Particle  concentrations  averaged  near  2,000/cc.  We  were  in  the 
air  mass  behind  yesterday's  frontal  passage.  Excellent  sun 
photometry  today;  no  cirrus  near  sun  all  day.  Few  cumulus  formed 
over  the  hills  of  Morocco  during  the  afternoon.  Northwesterly 
winds  at  5-7  meters/sec  blew  all  day.  Suspected  photochemical 
haze  became  visible  over  Tangier,  Morocco  after  1800  GMT,  though 
it  did  not  extend  to  our  location. 
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22  JUNE 


The  entire  day  was  spent  at  station  on  the  east  side  of  the 
sill  (-10km  east  of  yesterday's  position).  This  day's  weather 
was  nearly  a  duplicate  of  yesterday's.  Cumulus  at  0.5  coverage 
decreased  to  0.1  by  0700  GMT  and  remained  that  way  for  the  rest 
of  the  day.  Excellent  sun  photometry  (no  cirrus)  all  day.  Par¬ 
ticle  concentrations  were  slightly  higher  today  than  yesterday 
but  with  lower  RH.  Visibility  remained  >50  km  all  day.  Winds 
egan  northwesterly,  shifting  to  more  westerly  and  southwesterly 
by  afternoon.  Wind  speeds  were  fairly  steady  at  5-7  meters/sec. 
Small  whitecaps  formed  at  1400  GMT  and  persisted  for  the  remain 
der  of  the  day. 
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23  JUNE 

Overnight,  we  headed  east  to  Gibraltar  harbor.  In  the  early 
morning  we  entered  the  harbor  to  receive  delivery  of  computer 
tapes;  we  then  headed  east  to  station  in  the  Mediterranean,  '-’25km 
east  of  Gibraltar,  arriving  at  "■'  0930  GMT.  Skies  were  clear 
with  strong  (9-15  meters/sec)  SW  winds.  Sun  photometry  was  very 
good  today  with  only  a  few  scattered  cumulus  in  the  sky.  White¬ 
capping  was  very  common  while  at  station.  By  1400  GMT,  we  were 
heading  southwesterly  back  into  the  Strait,  arriving  6km  south  of 
Tarifa  by  1700  GMT.  During  this  travel,  fires  began  app¬ 
earing  inland  on  the  Spanish  side  of  the  Strait  near  Gibraltar. 
Smoke  was  spreading  out  over  the  Mediterranean  behind  us.  Winds 
continued  SW  at  6-9  meters/sec,  skies  remained  clear  for  rest  of 
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24  JUNE 


The  cruise  track  for  this  day  consisted  of  a  westward  head¬ 
ing  to  the  first  station  we  worked  on  17  June,  then  a  return 
eastward  to  our  starting  point  for  this  day.  A  fairly  dominant 
cirrus  fibratus  cloud  deck  covered  0.3  to  0.6  of  the  sky  through¬ 
out  the  day,  reducing  the  sun's  intensity  slightly. 

High  visibilities  of  the  last  few  days  were  replaced  by  ^50  km 
visibility  most  of  the  day.  Westerly  winds  at  5-7  meters/sec 
continued  all  day. 
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25  JUNE 


The  entire  day  was  spent  at  station  ~10  km  south  of  Tarifa, 
Spain.  Generally  higher  relative  humidity  than  past  few  days 
(80-90%).  Early  morning  s t r a  to  -  cumulus  (0.7)  slowly  dissipated 
to  0.1  cumulus  over  mountains  by  1200  GMT.  No  cirrus  today  and 
surface  horizontal  visibility  was  quite  good  (30-50  km),  yet  peak 
sun  photometer  reading  was  significantly  lower  than  yesterday. 

It  appeared  more  hazy  aloft;  visibility  when  looking  on  a  slant 
appeared  much  lower  than  when  looking  horizontally.  Winds  pre¬ 
dominantly  out  of  the  west  to  northwest  at  2-4  meters/sec  blew 
all  day.  Seas  were  fairly  calm  most  of  the  day,  no  whitecapping. 
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26  JUNE 


We  began  the  day^2km  off  the  Moroccan  coast.  We  travelled 
northward  ~5km  and  spent  2-3  hours  in  the  early  morning  locating 
and  retrieving  a  current  meter.  After  retrieval,  we  headed  NE  to 
yesterday's  station  position,  where  we  remained  for  the  rest  of 
the  day.  During  retrieval  operations,  skies  were  0.9  strato- 
cumulus  covered.  Upon  reaching  station  (0900  GMT),  overcast  had 
cleared  to  0.2  strato-cumulus .  Westerly  winds  at  5-6  meters/sec 
continued  all  day,  producing  a  few  whitecaps.  From  1100  to  1500 
GMT,  skies  were  clear  with  no  cirrus.  Maximum  sun  photometer 
reading  was  at  1200  GMT.  Particle  concentrations  were  low 
(1000  to  1500  per  cc);  relative  humidity  was  near  80%. 
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27  JUNE 

During  the  night  we  moved  out  of  the  main  shipping  lane  to 
point  ~ 10km  off  of  the  Spanish  coast  (near  Cape  Trafalgar).  By 
1000  GMT  we  were  at  station  on  the  west  side  of  the  inner  sill, 
to  spend  48  hours  in  this  location.  The  day  began  with  a  0.8 
broken  stratus  deck  in  all  sky  quadrants.  By  0900  GMT,  as  we 
approached  station,  this  cloud  deck  had  reduced  to  0.1  mainly 
over  land.  Rest  of  day's  weather  was  clear  with  some  haze  and  a 
few  small  whitecaps  (from  0900  GMT  until  observations  ended  at 
1800  GMT).  Winds  were  northwesterly  all  day,  bringing  maritime 
air  into  the  Straits.  Relative  humidity  was  in  the  low  to  mid 
80%'s  most  of  the  day. 


28  JUNE 


Continued  operation  west  of  inner  sill  all  day.  Began  the 
day  under  a  southwesterly  flow  with  visibility  near  19  to  23  km 
and  0.3  strato-cumulus  cloud  cover.  At  1200  GMT,  visibility  in¬ 
creased  to  37km,  relative  humidity  dropped  from  the  mid  80%'s  to 
the  mid  70%'s,  wind  shifted  to  a  WNW  direction,  and  skies  became 
clear.  Early  morning  aerosol  may  have  some  continental  influence 
evidert,  afternoon  air  is  more  maritime  in  nature.  Photochemical 
smog  (yellowish-green  haze  layer)  formed  along  the  coast,  over 
and  downwind  of  Tangier,  Morocco;  did  not  appear  to  extend  out 
to  our  location. 


29  JUNE 


We  operated  at  west  of  sill  site  until  1400  GMT,  then  began 
overnight  return  to  Rota,  Spain.  A  few  early  morning  stratus 
clouds  gave  way  to  brilliantly  clear  skies  in  the  afternoon. 
Similar  to  yesterday,  prior  to  0900  GMT,  winds  were  southwesterly 
with  0.3  strato-cumulus  and  visibility  of  15-20  km.  Concurrent 
with  a  wind  shift  to  WNW  at  0900  GMT,  visibility  improved  to 
*»»50  km  and  RH  decreased.  Wind  direction  remained  northwesterly 
throughout  the  remainder  of  the  day  and  RH  was  in  the  mid  60%'s. 


Observations  ended  at  1600  GMT,  29  June.  Equipment  tear- 
down  began  at  that  time.  We  arrived  in  port  (Rota)  the  follow¬ 
ing  morning  at  0900  GMT,  30  June  1986. 
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6.0  DISCUSSION  OF  RESULTS 


6.1  Overview  of  Visibility  Conditions 

Hourly  ship  positions  presented  in  the  previous  section 
show  that,  in  general,  the  ship  remained  in  the  Straits  of 
Gibraltar  for  the  duration  of  the  experiment.  Early  in  the 
experiment,  north/south  transects  of  the  Straits  were  made, 
followed  by  several  days  at  station  just  south  of  Tarifa,  Spain. 
East/west  transects  through  the  Straits  dominated  the  latter  half 
of  the  cruise. 

An  overview  of  the  visibility  conditions  encountered  during 
the  WMCE  field  trip  is  presented  in  Fig.  1  ,  which  contains  the 

time  history  of  visibility,  aerosol  concentration  in  the  0.562- 
1.78  um  diameter  size  range  and  relative  humidity  (RH).  The 
plotted  values  are  the  1200GMT  observations  for  each  day. 

The  visibility  was  near  or  above  50km  for  three  periods, 
20-22  June,  25-26  June  and  29  June;  visibility  was  near  40km  for 
one  period,  the  28th;  visibility  was  around  30km  for  two  periods, 
23-24  June  and  27  June;  and  visibility  was  in  the  10-20km  range 
for  the  remaining  period,  18-19  June.  The  visibilites  encoun¬ 
tered  on  the  WMCE  field  trip  thus  spanned  a  wide  range  of  condi¬ 
tions.  Very  low  visibilities  (<2km)  were  not  encountered  during 
the  experiment  period  in  this  region. 


Aerosol  optical  depth  provides  an  indication  of  the  general 


level  of  atmospheric  aerosol  burden.  Since  much  of  the 
atmospheric  aerosol  is  located  in  the  planetary  boundary  layer  in 
the  Straits  of  Gibraltar  at  this  time  of  year,  the  aerosol 
optical  depth  is  also  a  measure  of  aerosol  burden  in  the  boundary 
layer.  This  information  can  also  be  used  as  an  indication  of  the 
relative  day  by  day  aerosol  content  for  characterizing  the 
relative  "cleaness"  of  the  air. 

6.2.1  Definition  Of  Optical  Depth 

Optical  depth  is  defined  as 

where  ^  is  the  volume  extinction  coefficient^ 

X  wavelength  of  radiation  and  the  integral  is  for  the 
pathlength,  H,  over  which  the  optical  depth  applies.  Our 
measurments  are  concerned  with  optical  depths  over  the  entire 
depth  of  the  atmosphere  at  wavelengths  primarily  in  the  visible 
portion  of  the  spectrum. 

In  particular,  we  measure  solar  radiation  over  a  5  nanometer 
(nn)  band  pass  centered  at  502  nm .  At  this  wavelength,  solar 
radiation  passing  from  the  top  of  the  atmosphere  down  to  the 
earth's  surface  is  affected  not  only  by  aerosols  but  also  by 
Rayleigh  scattering  and  absorption  by  ozone.  The  reduction  in 
solar  radiation  at  the  earth's  surface  from  these  latter  two 
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effects  can  be  accounted  for  and  the  aerosol  optical  depth  can  be 
computed  from  the  measurement  of  solar  radiation  at  the  surface 
and  the  value  of  solar  radiation  at  the  top  of  the  atmosphere. 

The  measurement  technique  and  computation  procedure  are  found  in 
Appendix  C.  A  tabular  listing  of  the  optical  depths  for  the  WMCE 
cruise  aboard  the  USNS  Lynch  and  USS  America  are  found  in 
Appendices  A  and  D,  respectively.  Optical  depth  data  from  the 
USNS  Lynch  will  be  discussed  in  this  report. 

6.2.2  Overview  of  Measured  Aerosol  Optical  Depth 

Sun  photometer  readings  were  taken  every  hour  on  the  hour 
from  0800  to  1800  GMT,  cloud  cover  permitting.  The  period  19-  29 
June  provided  good  sun  photometer  measurements  except  for  the 
20th,  and  24th  when  cloud  cover  intervened.  Experience 
gained  on  past  field  programs  has  shown  that  measurment  errors 
are  minimized  for  the  few  hours  centered  around  noon,  and  this 
set  of  optical  depths  exhibits  the  least  scatter.  In  addition, 
since  the  technique  is  sensitive  to  low  solar  elevation  angles, 
optical  depth  values  computed  from  solar  radiation  measured  in 
early  morning  and  late  afternoon  appear  large  compared  to  those 
computed  during  midday.  For  these  reasons,  the  average  optical 
depth  for  midday  (1000-1400  local  time)  is  used  in  the  following 
analyses  and  discussions  of  optical  depth. 

Fig.  2  shows  a  plot  of  average  optical  depth  versus  days, 
accompanied  by  visibility  and  number  of  particles  in  the  0.562- 
1.78  urn  diameter  interval.  This  figure  is  a  repeat  of  Fig.  1 
with  optical  depth  appearing  in  place  of  relative  humidity. 

Recall  (Cf.  pg.  20  )  that  the  peak  in  visibility  during  the 
20th-22nd  was  assocaited  with  relative  humidity  below  7  0  X 


and  the  peak  on  the  25th  with  relative  humidity  of  '■>■'80%  and  low 
winds  speeds  and  few  sea  salt  particles. 
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In  general,  the  optical  depth  values  vary  as  expected  with 
the  surface  visibility.  The  lowest  optical  depth  values,  <.025, 
occured  on  21,  22,  23,  and  29  June  and  are  associated  with 
two  periods  of  high  visibility  (>50km),  low  particle  count, 
and  low  relative  humidity  (70%).  The  medium  values  (~0.10)  on 
the  27th  and  28th  are  associated  with  surface  visibility  in  the 
30-40km  range.  Finally,  the  largest  optical  depth  of  0.20  is 
associated  with  the  lowest  surface  visibility,  15km,  observed  on 
the  19th. 

6.3  MIXED  LAYER  DEPTH  INFLUENCE  ON  OPTICAL  PROPERTIES 


The  marine  boundary  layer  is  generally  considered  a 
well-mixed  layer  extending  from  the  ocean  surface  to  a  capping 
temperature  inversion.  Recent  published  research  in  scientific 
journals  has  discussed  certain  situations,  primarily  in  the 
presence  of  s tra tocumulus  clouds,  when  the  marine  boundary  layer 
can  be  decoupled  into  two  layers,  a  lower  well-mixed  Eckman  layer 
and  an  upper  cloud  layer.  From  the  WMCE  optical  depth  data,  we 
have  found  that  several  estimates  of  optical  depth  compared  more 
favorably  with  the  observed  values  when  the  well -mixed  Eckman 
layer  depth,  as  opposed  to  the  boundary  layer  depth  defined  by 
the  base  of  the  temperature  inversion,  was  used  determine  the 
e  s  t ima  t e s  . 

The  occurrence  of  this  phenomena  in  the  marine  boundary  layer 
may  have  serious  implications  in  attempts  to  model  the  optical 
and  other  properties  of  the  marine  atmosphere.  The  height  to 
which  surface  aerosols  are  mixed  determines  the  amount  of 


dilution  that  occurs,  and  the  surface  moisture  mixing  height 
determines  the  boundary  layer's  relative  humidity  profile, 
influencing  the  extent  of  aerosol  growth  and  the  amount  of 
related  light  scattering.  This  also  has  a  role  in  the  formation 
and  existence  of  clouds  in  the  marine  boundary  layer. 

6.3.1  TECHNICAL  BACKGROUND 

Recent  investigations  by  Telford  and  Wagner  (1981), 

Nicholls,  et  al  (1983),  Nicholls  (1984),  Rogers,  et  al  (1985), 
Rogers,  et  al  (1986),  Nicholls  and  Leighton  (1986),  have  produced 
extensive  evidence  that  the  cloud  layer  is  frequently  decoupled 
from  the  sub-cloud,  mixed  layer. 

Rogers,  et  al  (1985),  attribute  the  decoupling  of  the  cloud 
and  subcould  layers  to  entrainment  of  warm,  very  dry  air  at  the 
cloud  top.  Nicholls  (1984)  recognizes  the  influence  of 
entrainment  but  also  establishes  the  importance  of  other  cloud 
related  phenomena  in  decoupling  the  two  layers,  such  as  cloud 
vert:  motion  driven  primarily  by  long  wave  radiation  and 

c 1 o u u  ater  precipitation  at  all  levels. 

The  existence  of  the  two  isolated  layers  can  be  detected 
from  conventional  profile  data.  A  typical  example  of  atmospheric 
profiles  under  these  conditions  in  the  North  Sea  is  given  by 
Nicholls  (1983);  similar  profiles  have  been  presented  by  Rogers, 
et  al  (1985).  The  most  prominent  features  used  in  identifying 
the  top  of  the  mixed  layer  are  the  small  change  in  mixing  ratio 
(Q)  at  the  top  of  the  mixed  layer  and  a  reduction  in  turbulence 
intensity  at  that  level.  A  reduction  in  equivalent  potential 
temperature  above  this  level  from  the  constant  value  below  this 
level  may  be  observed,  though  it  is  more  difficult  to  discern. 


6.3.2  Optical  Depth  -  Estimated  vs.  Measured 

Beginning  with  a  1982  field  program  at  Valkaria,  FL,  Calspan 
has  attempted  to  relate  total  atmospheric  aerosol  optical  depth 
(calculated  from  sun  photometer  data)  to  surface  mixed  layer 
aerosol  optical  depth  as  a  way  to  utilize  satellite  observations 
to  estimate  surface  visibility.  An  estimate  of  the  surface  mixed 
layer  aerosol  optical  depth  is  computed  by  estimating  the 
extinction  coefficient  profile  within  the  boundary  layer  via  the 
measured  surface  extinction  coefficient  and  the  relative  humidity 
profile  in  the  boundary  layer.  For  these  studies,  we  have 
assumed  that  the  boundary  layer  is  well  mixed  so  that  surface 
aerosols  change  size  as  relative  humidity  varies.  Initially,  we 
have  defined  the  top  of  the  well  mixed  layer  as  the  level  at 
which  the  base  of  the  temperature  inversion  exists.  Figure  3 
shows  the  plot  of  the  two  parameters  for  a  range  of  geographical 
locations,  with  the  points  lying  reasonably  close  to  the  1:1 
line  . 

From  data  obtained  during  this  cruise,  two  WMCE  data  points, 
labeled  W21  and  W22,  respectively,  demonstrate  the  effect  of 
using  the  mixed  layer  depth  (discussed  above)  instead  of  the 
depth  of  the  layer  from  the  surface  to  the  temperature  inversion 
base  in  the  estimation  procedure.  The  X-points  labeled  (1)  and 
(2)  represent  the  data  points  obtained  when  the  top  of  the  well 
mixed  boundary  layer  was  defined  by  the  temperature  inversion 
base  height.  These  depths  were  1600m  for  (1)  and  1250m  for  (2) 
and  the  corresponding  estimated  boundary  layer  aerosol  optical 
depths  were  2.5  to  3.0  times  larger  than  the  calculated 
atmospheric  optical  depths  from  sun  photometer  readings. 


ESTIMATED  BOUNDARY  LAYER  AEROSOL  OPTICAL  DEPTH 
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Figure  3.  Measured  versus  Estimated  Aerosol  Optical  Depth  for 

several  geographical  locations.  WMCE  data  points  are 
shown  as  W21  and  W22. 


Examination  of  the  mixing  ratio  profiles  for  these  two  cases 
showed  that  a  discontinuity  occurred  in  the  vertical  gradient 


of  the  mixing  ratio  characterized  by  a  slow  decrease  changing  to 
a  rapid  decrease.  Identifying  the  slow  decrease  with  the  surface 
mixed  layer,  the  top  of  the  surface  based  well  mixed  boundary 
layer  was  defined  as  the  height  of  the  discontinuity  in  the 
vertical  gradient  of  the  mixing  ratio.  The  surface  mixed  layer 
optical  depth  was  recomputed  on  the  basis  of  the  newly  defined 
mixed  layer  depth.  The  revised  data  points  lying  near  the  1:1 
line  resulted  from  estimating  the  boundary  layer  aerosol  optical 
depth  for  these  shallower,  surface  mixed  layers. 

It  appears  that  significant  improvements  in  modeling  the 
optical  properties  of  the  clear  boundary  layer  could  result  by 
incorporating  data  on  the  depth  of  the  surface  mixed  layer 
defined  by  the  change  in  mixing  ratio  when  appropriate.  Knowing 
when  to  apply  this  rule  needs  much  investigation. 

6.4  Relationship  Of  Visibility  To  Aerosol  Concentration 

A  discussion  of  the  day  to  day  realization  of  the  relation 
between  visibility  and  the  aerosol  concentration  in  the  .56  to 
1.78  micron  diameter  size  range  is  presented  here. 

For  this  discussion,  we  consider  only  the  1200GMT  observa¬ 
tions.  Diurnal  variations  of  visibility  and  aerosol  concen¬ 
tration,  driven  primarily  by  changes  in  RH,  cannot  be  discussed 
here  because  our  data  set  was  obtained  during  daylight  hours 
only . 

Our  purpose  is  to  provide  an  integrated  description  of  the 
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|  interrelationship  between  the  aerosol  physics  and  the 
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i  meteorological  conditions  so  that  a  framework  from  which  to 
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assess  the  atmosphere's  role  in  producing  the  aerosol  size 
spectrum  is  provided. 

The  data,  and  their  source,  on  which  the  discussions  are 
based  are  listed  below: 

1. )  METEOROLOGICAL  DATA 

a. )  Surface  wind  velocity  and  relative  humidity  from 

Calspan's  WMCE  data  volume  --  Appendix  A 

b. )  Surface  weather  maps  and  radiosondes  supplied  by 

NEPRF(not  shown). 

2 .  )  AEROSOL  DATA 

a. )  total  nuclei  count  (Aitken  count ) --Appendix  A 

b. )  aerosol  concentrations  --  Appendix  B 

c. )  aerosol  chemical  c ompo si t ion--Appendix  B 

The  relative  humidity  averaged  near  80%,  except  for  two 
periods  of  RH  below  70%  which  coincided  with  two  of  the  three 
periods  of  visibility  near  50km.  The  lower  RH  periods  occurred 
with  a  strong  influx  of  air  into  the  Straits  of  Gibraltar  from 
the  eastern  Atlantic,  a  condition  which  was  produced  by  strong 
ridging  over  the  Iberian  Peninsula  accompanied  by  vigorous  low 
pressure  centered  off  the  northwest  tip  of  Spain.  Interest¬ 
ingly,  this  ridging  from  the  ocean  to  the  land  is  similar  to  the 
surface  pressure  pattern  which  accompanies  similar  intrusions  of 
Pacific  air  into  southern  California. 

The  periods  of  80%  RH  were  associated  with  relatively  weak 

surface  pressure  gradients  in  the  Straits  region  produced  by  a 

thermal  low  over  central  Spain  and  accompanying  east-west 

pressure  gradient  off  the  Portugal  coast.  This  surface  pressure 

pattern  is  very  similar  to  that  found  over  southern  California 
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and  the  offshore  waters  during  the  summer  season 


The  relationship  of  visibility  to  particle  concentration  in 

the  0.56  to  1.78  micron  diameter  size  range  (hereby  referred  to 

as  the  1  micron  size)  is  presented  in  Fig.  4  .  The  relationships 

between  this  particle  concentration  and  the  nuclei  concentration, 

the  nuclei  chemistry  and  the  meteorology  of  the  individual  days 

is  now  discussed  using  Fig.  4  as  the  reference  point. 

6.4.1  High  Visibility  and  Low  Relative  Humidity 

For  two  periods,  20-22  June  and  28-29  June,  visibilities 

were  in  the  40-50  km  range  and  particle  concentration  in  the 

-3 

1  micron  diameter  size  range  was  between  10  and  15  cm 
These  periods  were  associated  with  the  two  excursions  of  low  RH 
air,  arriving  from  the  Atlantic  on  predominantly  northwesterly 
winds.  The  low  relative  humidity  inhibited  the  growth  of 


aerosols  into  the  1  um  diameter  range,  particularly  NaCl  nuclei 
with  their  75%  deliquescence  threshold  humidity. 

6.4.2  High  Visibility,  High  RH  and  Low  Nuclei  Count 

The  relatively  high  visibilities  and  low  1  um  aerosol  con- 
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centrations  on  25-26  June,  even  with  RH  near  80%,  reflect  the 
effect  of  low  nuclei  concentrations  on  the  visibility.  On  the 
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25th,  the  Aitken  nuclei  concentration  of  2500  cm  was  char¬ 
acteristic  of  (generally  speaking)  moderately  aerosol-laden 
oceanic  air,  suggesting  moderate  visibilities  (20-30km). 
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However,  the  aerosol  chemistry  data  indicated  that  sea  salt  was 
not  present  in  large  amounts,  which  was  consistent  with  the  low 
wind  speeds  (3m  sec  ^  )  and  reduction  of  white  caps  and 
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ejection  of  sea  salt  nuclei  into  the  air.  Meteorologically,  the 
25th  represents  the  height  of  quasi-stagnant  conditions,  with  a 
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well-developed  thermal  low  over  central  Spain  and  weak  ridging 
over  Portugal.  Thus  on  the  25th,  although  the  total  nuclei 
concentration  was  moderate,  the  sea  salt  nuclei  which  could  grow 
most  readily  into  the  aerosol  size  range  around  1  urn  diameter 
were  few,  and  the  aerosol  concentration  at  1  urn  appeared  to  be 
due  to  a  small  concentration  of  other  nuclei  present  which  could 
grow  at  this  high  RH. 

-3 

The  Aitken  count  on  the  26th  was  near  1500  cm  which 

is  characteristic  of  slightly  nuclei  laden  oceanic  air  (~1000  cm 
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),  and  was  the  cleanest  air  experienced  during  the  field 

program.  The  surface  pressure  pattern  consisted  of  a  high 

pressure  ridge  extending  inland  over  the  Iberian  penisula  similar 

to  that  accompanying  the  two  periods  of  low  RH.  However,  in  this 

case,  the  air  arrived  on  westerly  winds  from  more  subtropical 

oceanic  regions,  suggesting  both  higher  RH  and  lower  nuclei 

content.  The  wind  speed  was  near  5ms1  and  chemical 

analyses  indicated  that  sea  salt  was  present.  Thus  in  this  case, 

it  appears  that  sea  salt  nuclei  were  present,  but  in  such  small 

numbers  along  with  the  other  few  nuclei  present  in  the  relatively 

clean  subtropical-type  air,  that  the  aerosol  concentration  around 

the  1  um  diameter  range  was  low  and  the  visibility  was  near  40km. 

6.4.3  Moderate  Visibility  and  Nuclei  Concentration,  High  RH 

A  review  of  the  data  for  three  days,  23,  24  and  27  June 

1987,  reveals  that  all  three  days  had  1  um  diameter  particle 

-  3 

concentrations  between  16  and  26  cm  ,  visibilities  near  30km 

and  RH  of  80%.  The  Aitken  nuclei  concentrations  for  the  23rd  and 

-  3 

24th  were  between  4000  and  5000  cm  .  On  the  27th,  the  count 


The  23rd  and  the  24th  were  similar  days  with  visibilities  of 


24  and  32  km  and  1  um  diameter  particle  concentrations  of  22  and 
-3 

26  cm  ,  respectively.  Meteorologically  over  this  time 

period,  a  transition  from  high  pressure  ridging  over  the  Iberian 

Peninsula  to  a  thermal  low  over  central  Spain  was  taking  place. 

The  majority  of  observations  on  the  23rd  were  taken  outside 
the  Straits  at  5°W,  the  easternmost  point  of  the  cruise.  The 
highest  wind  speeds  of  the  cruise  (lOm/sec)  were  encountered 
here.  The  nuclei  chemistry  revealed  much  sea  salt  present, 
consistent  with  the  high  wind  speed  and  long  overwater  fetch 
associated  with  the  240°  wind  direction.  Thus,  the  moderate 
visibility  levels  existed  primarily  due  to  increased  aerosol 
concentrations  associated  with  increased  concentrations  of  sea 
salt  nuclei. 

Although  the  1  um  diameter  particle  concentration  was  higher 

-  3  -  3 

on  the  24th  (at  26  cm  )  than  on  the  23rd  (20  cm  ),  the 

slightly  higher  visibility  on  the  24th  (32km)  compared  to  the 

23rd  (24km)  may  be  due  to  slightly  lower  concentration  of 

aerosols  in  the  next  size  range  below  1  um ,  0.316  to  0.562  um . 

-  3 

The  concentrations  in  this  size  range  were  20  and  27  cm  for 

the  24th  and  23rd,  respectively.  This  difference  may  have 

resulted  from  a  change  in  nuclei  composition.  Particle  chemistry 

data  for  the  24th  shows  negligible  amounts  of  NaCl  which  is 

consistent  with  the  wind  speed  (3m/s)  and  the  suggested  shorter 

overwater  fetch  of  the  air  on  the  24th  with  a  300°  wind 

direction.  The  chemical  composition  of  the  nuclei  for  the  24th 

appeared  to  be  mostly  non-oceanic  type  nuclei  with  perhaps  higher 

deliquescence  RH  thresholds  than  those  for  the  oceanic-type 
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nuclei  observed  on  the  23rd. 

The  1  um  diameter  particle  concentration  on  the  27th  was  20 

-  3 

cm  with  a  visibility  of  28km.  The  corresponding  Aitken 

-  3 

nuclei  concentration  was  near  6500  cm  .  Compared  to  the 
other  two  days  in  this  group  (the  23rd  and  24th),  the  27th  was 

similar  to  the  23rd  in  terms  of  visibility,  the  1  um  diameter 

-  3 

particle  concentration  (20  cm  )  and  the  0.3-0. 5  um 

-3 

concentration  (27  cm  ).  The  chemistry  data  suggest  less 
oceanic  nuclei  and  perhaps  more  continental  nuclei  with  higher 
deliquescence  thresholds,  and  the  higher  RH  (85X)  may  have 
caused  these  nuclei  to  activate.  The  meteorological  situation 
for  the  27th  was  again  a  transition,  from  the  onshore  ridging  of 
the  26th  to  a  well  developed  thermal  low  by  the  28th.  Thus, 
increased  humidity  in  this  transition  phase  appeared  to  permit 
the  activiation  of  more  non-oceanic  aerosols  and  produce  an 
aerosol  size  spectrum  and  visibility  level  similar  to  that  on  the 
23rd  when  the  aerosol  was  primarily  oceanic  in  nature. 

6.4.4  Low  Visibility  and  High  Relative  Humidity 

On  the  18th  and  19th,  the  highest  1  um  diameter  particle 

-  3 

concentrations  (86  and  54  cm  ,  respectively)  and  the  lowest 
visibilites  (11  and  16  km,  respectively)  occurred.  Meteorologi¬ 
cally,  the  18th  was  the  last  day  of  a  long  period  of  quasi- 
stagnant  conditions  during  which  the  wind  speed  was  generally 

light,  especially  away  from  the  center  of  the  Straits.  Although 

-  3 

the  Aitken  nuclei  concentration  was  small  (1350  cm  ),  the 
1  um  concentration  was  high.  Temperature  profiles  from  radio¬ 
sondes  showed  a  relatively  shallow  boundary  layer  of  200-400m  on 

the  1/th  and  the  18th.  Moisture  from  the  ocean  surface  was 

3 


concentrated  in  this  layer,  and  the  long  period  of  quasi-stagnant 
flow  had  apparently  allowed  many  of  the  relatively  few  nuclei 
present  to  grow  into  the  1  um  diameter  size  range. 

The  Aitken  nuclei  concentration  for  the  19th  increased  to 

-3 

6000  cm  ,  reflecting  on  the  influence  of  the  ea s t - sou t heas t 
flow  of  air  through  the  Straits.  The  corresponding  continental 
character  of  the  air  was  reflected  in  the  aerosol  chemistry  which 
showed  small  amounts  of  sea  salt  but  large  amounts  of  silicates, 
aluminum  and  iron.  The  boundary  layer  depth  was  only  100  meters 
on  the  19th.  Thus  the  moisture  evaporating  from  the  ocean 
surface  was  confined  to  a  shallow  layer,  and  those  hygroscopic 
nuclei  which  were  present  in  the  cont inental-type  air  could  grow 
into  the  1  um  diameter  size  range. 
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APPENDIX  A 

USNS  LYNCH  HOURLY  METEOROLOGICAL  OBSERVATIONS 


The  data  contained  in  the  tables  on  the  following  pages 
summarize  the  hourly  observations  of  meteorological  conditions 
during  the  USNS  Lynch  cruise.  Dry  and  wet  bulb  temperatures  were 
obtained  with  a  sling  psychrometer .  Relative  humidity  was 
obtained  from  p sy chrome t ri c  tables.  True  wind  direction  and 
speed  were  calculated  from  observed  ships  wind  direction  and 
speed  and  ship’  heading  and  speed.  Visibility  was  obtained  from 
the  HSS  Visibility  meter.  Calibration  of  the  HSS  was  performed 
at  the  beginning,  middle,  and  end  of  the  cruise.  Reported 
particle  concentrations  obtained  with  the  Gardner  Small  Particle 
Detector  are  ^he  average  of  at  least  three  readings  taken  in 
rapid  succession  at  the  reported  time.  Aerosol  optical  depth  was 
obtained  from  sun  photometer  readings  and  reduced  using  the 
procedure  outlined  in  Appendix  C.  The  optical  depth  computation 
does  not  work  well  for  large  zenith  angles;  therefore  optical 
depths  for  times  before  0900  and  after  1500  should  be  treated 
with  extreme  caution. 

Samples  obtained  for  drop  replicate  and  elemental  analysis 
are  indicated  by  an  'X'  at  the  appropriate  sample  time. 


’J'JTH  ifVTV^V yrVWuTM  WM  WBJ 


C 

> 

« 

03 

0) 

X 

X 

X 

m 

CO 

c 

X 

> 

4J 

X 

X 

3 

X 

tO 

0 

Cl 

CJ 

03 

03 

0) 

X 

3 

03 

X 

• 

03 

> 

Ci 

3 

3 

>> 

JO 

ON 

X 

CL 

«k 

X 

X 

3 

03 

• 

X 

CO 

03 

•H 

X 

> 

o 

3 

U 

4J 

03 

3 

a 

• 

00 

O 

43 

o 

X 

u 

X 

0 

03 

a 

• 

03 

X 

Cl  T3 

X 

• 

X 

X 

3 

03 

X 

03 

AJ 

03 

03 

O 

03 

CL 

O 

X 

03 

03 

> 

*3 

a 

CO 

x 

5 

X 

• 

3 

X 

3 

03 

a 

O 

X 

3 

3 

u 

3 

<13 

00 

3 

03 

X 

3 

3 

N 

X 

3 

• 

X 

CO 

3 

X 

03 

5 

CO 

•H 

CO 

w 

M 

>% 

a.  t? 

N 

O 

32 

X 

X 

X 

• 

N 

3 

Ci 

* 

0 

03 

CO 

3 

3 

X 

X 

-u 

4J 

3 

X 

X 

3 

• 

03 

CO 

0) 

CO 

3 

• 

• 

3 

3  . 

03 

* 

X 

3 

3 

a 

O  x 

3 

Ci 

AJ 

CO 

*» 

CJ 

CJ 

X  U  X 
cj  <u  03 
6  > 
T3  3 
3  2  >, 
cO  H 


uh  -a 

<o 

ON  3  3 
•  CT  3 
O  C/3  C/3  I 


X  X  U  O 

U  CJ  >  > 

o  o 

r"N  on 


co  x 
co 

<r  • 

•  o  *a 
o  a 

*  03 

*  3 

•H  3  U 
CJ  03  > 
O 

cn  e 


O  O  CO  CO  O  Q  U 


•  X  X  X 
QJ  CJ  CJ  C/3 
N  OJ 

tU  3  3  O 

x  3  c  u 

03  3 


c 

ON  ON  ON  A3 
•  •  • 

O  O  O  Cfl 


3 

C4 
X 
C  (/) 

"H 

O  ’H 

*H 

P  E 

43 

U  03 

</) 

3 

a.  u 

u 

E 

a>  p 
a-  <u 

,w  4J 

in  <u 

•a  E 

c 


ao  i>o(NOinHH<rinN 

•  ••••••••• 

f«gHHHfnn\ootn 


u. 

o  _ 

x  ao 

0  0-3 
M3B  3 
3  00 


3 

X 

4) 

a  xco 

e  p  x 

4)03 

H  co 


ooxoomcoaNm 

OM^^QOhCOno', 

CN|  CN  CN  CM  CO  »*H  — < 


l  OOmmoNCOHCOiri^ 

ONONOOr^r^oocooooooo 


N^iAiNvor^rv^voiA 

vO  vO  nO  nO  vO  O  vO  vO  O  vO 


ONOOOOCNOO^OOONON 

\0  so  'X  r-  r**»  r**»  r>*  vo  X  x 


OmOOOOOOOOO 

O^Of^OOOOOOO 

aooocrvO— «cNro<rsoooa\ 

C~3  (^N  *H  i-H  f-"!  i-“4  ^4  *— 4 


3  E 
CL  U  3 
O  X 
Cl  ^  K> 
O  ftA 
0;  w 

ac 


O  3  X  B 

ifl  U  J  c 

0—4  a-  CN 

Ci  x  a>  © 

43  CL  O  1/3 

<  O  w 


c 

o  ^ 

•XO 

43  X  6 
h  rt  u 
u  us 
♦H  X  C» 
LCD 
Ci  03  X) 
a5  o  6 
CL  C  3 
0  C 
CJ  w 


OOO  IOO  IOO  IOOO 

o  m  o  mm  mo  oom 
co  co  oo  mm  m  on  x  o  x 

m  <n  m  cn  x  •— i  m  x  on  gn 


m  m  m  cnj  oo  x  looomooo 

on  m  <r  x  o  ^  o  on  on  oo  o  m 


oomoooooooooo 
oo— «omomoooooo 
vorsoooNo^^csm^v£)Coo> 

CD  CJ  *—4  »— 4  r— H  *-H  .-H  «~H 

co  oo 


ftOttXWvO-  ~ 


iJmV 

M- 

|J«NV 

r% 


i 

K 

!$$ 

i 

| 


Temperature  °F  Winds 

Day/Hour  Dry  Wet  RH  Direction  Speed 

(GMT)  BULB  BULB  (%)  (°TRUE)  (meters/sec)  Cloud  Cover  6  Weather 


c 

3 

in 


• 

a 

•U 

s 

03 

• 

• 

Li 

rH 

x 

c 

O 

03 

X 

M 

3 

2 

a 

03 

0) 

CO 

• 

a) 

3 

0 

00 

CO 

45 

L< 

Li 

u 

a 

03 

L4 

CQ 

03 

*H 

a> 

<u 

0) 

rH 

s 

CO 

> 

• 

*H 

•H 

c 

o 

U 

CJ 

> 

o 

• 

03 

a 

• 

<4H 

X 

Li 

a 

•* 

CO 

Li 

N 

»H 

rH 

X 

03 

CO 

CO 

• 

a 

a 

N 

45 

0) 

3 

45 

■u 

03 

4J 

*H 

u 

CO 

•* 

<5 

X 

CJ 

03 

X 

03 

3 

» 

Li 

V 

w 

H 

CO 

• 

c 

■u 

Q) 

• 

• 

X 

Li 

3 

CO 

> 

co 

0 

o 

rH 

rH 

CO 

c 

U 

v-/ 

• 

3 

CJ 

•* 

o 

w 

0 

0 

*H 

*H 

04 

• 

• 

• 

• 

o 

■U 

a 

0 

X 

w 

w 

W 

w 

*H 

• 

•u 

H 

• 

• 

e 

X 

3 

* 

c 

o 

o 

o 

o 

0 

X 

>> 

C 

00 

c 

0J 

U 

■U 

u 

•u 

•u 

•u 

N 

N 

45 

0 

c 

3 

■u 

CO 

03 

03 

■U 

a 

03 

CO 

CO 

•H 

*H 

•H 

*H 

45 

45 

45 

•H 

o 

CJ 

CJ 

u 

CJ 

u 

45 

QJ 

CJ 

X 

T3 

X 

X 

00 

s 

N 

CM 

m 

cn 

CO 

CM 

rH 

u 

Li 

•H 

CU 

o 

03 

• 

• 

« 

• 

• 

• 

<V 

a> 

sc 

co 

Z 

33 

1  o 

1  O 

o 

o 

o 

o 

O 

> 

> 

4-> 

u  m 

O  H 

e 

U  1) 
rt  45 
rt  D»  o 
U  6 
>-  J- 
o 

<4-1 


in 


X 


X 


in  |  imir-~corgr-.r~\£>l— <— < 

•  •  •  ••••••  •• 

cvj^  en  in  co  co  n  rs  (N  n 


4J  /-v 

rt  E 
Cl  U  3 
o  *H 
U  ~4  ro 
Q  CLA 
0)  w 
a: 


o 

V) 

o 

Vi 

0) 


<  o 


rt  -c  E 
u  n  q 
H  CL  PM 

*j  o 
CL  Q  to 


HNNO>CONOOOOin 

in<rcMHHNN(NNrO-^ 

OOOOOOOOOOO 


cn  so 

no 

CM  O 


CO 

sO 


co  os  o  cm  in 

CO  CM  CM  CM  CM  UO 

H  H  H  H  H  CN 


VO  UO 

oo  oo 

CM  CM 


CM  00  o  SO 
os  oo  os  oo 


m  in  o  o 
sO  sO  sO  sO 


VO 

oo 


00 


r>» 

so 


r^osr^sOOsoosO 

ONNNvfiOOOOOS 


n  co  o  co 


00 


r^voi^somr^oof^ 

vO  so  sO  sO  sO  'O  sO  vp 


c 

o  ^ 

•nn 
h  E 
c«  U 


u  v« 


CL 


V. 
C  0> 
<D  JO 


OOOOOOOOO  I  oo 
ooooooooo  oo 

O<r^ooscnosr^o  o 

cMN^ooinMn^cM  m 


OO  os  O 
sO  sO  sO  n**. 


in  oo  cm  oo 


O  I  (MHCMCM'JOOOS 


ooooooocmoooooo 

SOOOCMOCMO^OOOOOO 
NcoosOsoOHCMn'jinvor^oo 

rH  rH  ^H  rH  *H  iH  rH  r» 4  rH  rH 


as 


as 


•H  g 
JO  J* 
•H  W 

tn 

> 


o  o 
X 

X 


©pMr*.coinaomas  *oo  ipon 

. sO  •  •  •  ♦ 

PMvOinOsOOvO'*3,CMOOOsOsf 
*-*  CM  rH  rH  CM 


o  o  o  o  o  o 
o  o  o  o  o  o 

O  ^  CO  Os  O  H 

O  O  O  O  -h  rH 

as 


n  o  o  o  o  o  o 
— ‘  o  o  o  o  o  o 
n  n  <r  n  n  co 


M 

• 

• 

u 

CO 

A 

. 

0> 

.n 

5 

1 

3 

z 

3 

•H 

o 

*  cu 
3  a 

T3 

<d 

TJ 

CT3 

03 

<4-1 

4) 

o  >, 

0) 

OJ 

0 

o 

tu 

c 

4J 

j= 

A 

• 

4-1 

4-> 

•H 

0 

lx 

u 

<13 

u 

• 

J3 

U  T3 

OJ 

<13 

lx 

> 

U 

u 

W 

4J 

rH  3 

> 

> 

ca 

XI 

0 

iH 

«H 

<  0 

0 

0 

• 

a 

o 

a 

i— 1 

tn 

3 

4-1 

w 

i  a 

u 

u 

N 

01 

U 

«4 

m 

3 

f—t 

<— < 

a? 

14X 

4-1 

3 

a 

3 

0 

U  4) 

a 

o 

A 

o 

CO 

O 

u 

u 

4-1 

s 

*> 

• 

• 

m 

A 

<4 

U 

*3 

a 

u 

4-1 

XJ 

4J 

4J 

4-1  CO 

*H 

•H 

•H 

T3 

> 

o 

§ 

> 

o 

> 

o 

CO 

CO 

CO 

CO 

CO 

* 

u 

u 

a 

00 

00 

00 

00 

on 

CM 

CM 

»— 4 

4-1 

4-1 

4-1 

4J 

• 

• 

• 

• 

•  • 

• 

• 

• 

u 

CO 

CO 

CO 

co 

o 

o 

o 

o 

o  o 

o 

O  ! 

1  o 

u 

V 

OT 

T3 

V  V) 
«  (- 
CU  0) 

m  I  V 

•a  e 
Cl 


Uu 

o 

«j  ea 
4>  4>  _J 
(-2  3 
3  eo 

rt 

U 

4) 

a  X  eo 
E  u  -J 
4>  Q  3 
f-  OQ 


-ttONrt-ioONNNifl  |  r» 
*»••••••••  •• 

^^foomu^mvominvo  r>.  io 


l  r^r^r^co^mror'-ocM  i  ©  <r 

vor^mo>oooa\Ooo  oo  so 

(NNMMfonncsnfNj  cm  cm 


rNOoon^oo^-H^sONin  i  o 

oooNOOOOQONrsSNNvors  r>. 


m  in  i  oo 


iniom'tvOfnfnMfncNHcs 

vO  vO  '•O  \D  vO  vO  vO  vO  \0  'O  sO  vO 


oooooorsoNooa^ooooNoON 

vO  vQ  vO  vC  sO  sO  vO  vO  vO  sO  vO  '■O 


oooooooooooooo 

OOOOOO^CN^OOOf^O 

xO^ooO'O-^Nfn^mvon'r'vco 

H  —4  ^“4  ^-4  I-H  »~4  •— 4 


rj  (-<  (/> 
^4  o  *H 
-I  *->  E 

4)  U  4> 
i/>  rt  JS 

rt  a.  u 
U  E 
•-•  C 
O 
4- 


rt  E 

a.  u  3 
o  •-< 

t-  -*  ro 
Q  Q,/* 
4)  ' 

04 


Ort.CE 
v>  U  «u  c 

O  -H  Q.  r  i 
C  *J  4)  O 
4)  Cl,  Q  ld 
<  O 


c 

O  <*“' 

VUE 
-u  rt  o 
u  c 

•H  *J  C 
<->  C  4) 
1-4 >3 
rt  O  E 
a.  c  3 
o  c 
u 


XXX 


in  .-i  -a- 
H  N  N 


OO  (OOOO  IOOOOOO 

oo  o  o  o  m  oooooo 

OO  o  <'">  t''  OO°0OO«5 

cm  -a-  n  m  a  n  ®\  o  m  vo  m  f' 

■a’  --  —  cm 


o  n  ci  <r 

•  •  •  • 

cN(N<nin^'j<f'J^N‘n 


oooooooooooooo 

OOOOOOOcncM^xOOOO 

sor>*oooNO'-*eNCNco<rmvor^oo 


I 


1 


M 

1 

m 


i 

l 


m 

Sfe: 
5SI 

ISSS 


WWW? 


u 

V 
JZ 
4-> 
(d 

V 
X 


y 

V 

> 

o 

u 

-o 

3 

o 


# 

'O 

00 

G 

c 

* 

• 

*H 

•H 

00 

3 

■u 

G 

g 

a. 

a> 

aj 

*H 

3 

0) 

• 

• 

«“H 

& 

u 

G 

Li 

U 

C 

G  • 

•u 

O 

G 

o 

a)  co 

co 

N 

0) 

■ 

c 

<4-1 

V4  a* 

« 

•H 

»” 1 

C 

3 

G  G 

aj 

w 

o 

0 

co 

CO 

a 

e 

«-0 

0 

N 

a 

cl  a) 

o 

CO 

X 

X 

*H 

•> 

G 

G  -U 

co 

L 

G 

a 

CJ  *H 

o 

g 

D 

O 

0 

OJ 

QJ  X 

* 

■u 

o 

> 

X 

N 

4J 

AJ  3 

w 

*H 

• 

•H 

•H 

3 

5 

c 

3 

Ll 

u 

-G 

CO 

U 

0 

3 

CO 

0 

CO 

rH 

CO 

JG 

CD 

G 

X 

H 

g 

* 

<D 

•*  E 

H 

CO 

A 

M 

0 

2C 

e 

3:  w 

u 

w 

CO 

L 

o 

CO 

■u 

•  5  • 

•  L- 

G 

CO 

0  •  •  • 

0 

G 

0 

0 

cu  o  <d 

<D  G 

U-4 

L  W  G  G 

3 

a 


m 

© 


3  3 

o  a 


so 
c 

m  3 
X  o 
a 


i  o  o  o  ;s  o 


«  3 
J2  CJ 
O 

*-H 

o  • 
z  o 


3  3 
u  u 


r—i  r~4  t—4  Cj 


©  o  o 


-  ai 
00  oo 
c  e 

nj  « 
j=  J= 

y  a 
c  c 

33  33 


X 

u 

4-» 

G 

M  10 

*-< 

0  -H 

•— < 

♦J  E 

cj  a> 

V) 

G 

Dd  U 

u 

£ 

>-*  t- 
o 


</> 

■O 

c 

•w 


u 

43 

in 

•3  'v. 
43  to 

v  y 
a  v 

C/3  -M 
4) 
£ 


43 

4J  ,-N 

rt  E 
a.  u  3 
o  •- 
y  ^ 
q  o.^ 

V  w 

0 z 


c 

o 

•*"t  ^ — ■ 
«->  U3 

Q  v— ' 


U- 

O 


L>  CD 

3:  3 
co 


4) 
u 
3 

G 

0) , 

lQ  3 

CO 


sO 

sO 


m 

sO 


vO 

i 

«-H 

i 

1  n* 

r-> 

CM 

r*» 

CM 

m 

CM 

1 

rM. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

m 

<r 

m 

in 

m 

vO 

p". 

sO 

as 

sO 

sO 

in 

i—4 

(/)  o 

X  E 
*->  c 

sO 

cn 

cn 

f— 4 

r-l 

CM 

CM 

f-4 

»“"i 

r—4 

m 

sO 

o  — < 

CL  n 

CM 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

h  V 

<D  O 

• 

• 

• 

• 

* 

• 

« 

• 

• 

• 

• 

• 

« 

• 

CD  CU 
C  O 

o  in 

' — / 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

i 

as 

sO 

1  o 

vO 

X 

as 

<r 

<r 

sO 

m 

, 

o 

On 

co 

f^» 

m 

MT 

<r 

vO 

X 

sO 

as 

m 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0) 

c 

O  3—s 
r-m 

4J  E 

rt  u 

u 

>-*  M 

O 

o 

1 

o 

o 

1  o 

o 

o 

o 

o 

o 

o 

o 

o 

■H 

W  U 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

sO 

♦J 

C  <D 

m 

o 

m 

cn 

o 

o 

o 

o 

o 

SO 

<r 

o 

l 

X 

CM 

1  sO 

sO 

Mf 

as 

sO 

sO 

Os 

1 

u 

(D  JD 

a> 

SO 

m 

m 

X 

as 

as 

o 

>3- 

<r 

SO 

CM 

m 

m 

m 

sO 

vO 

sO 

sO 

SO 

sO 

sO 

vO 

sO 

so 

n- 

G 

y  e 

*—4 

cn 

^4 

cn 

CM 

CL 

C  3 

o  c 

CM 

in 

m 

in 

m 

m 

m 

m 

U  ' 

i 

so 

r->. 

00 

1  oo 

00 

as 

o 

O 

O 

o 

•-H 

o 

1 

m 

m 

m 

in 

m 

m 

m 

sO 

sO 

sO 

sO 

sO 

sO 

X 

in  m  in  m 

•  •  •  • 
m  so  m  m  i  lAin^rNNNfscovo 

vO  sO  sO  vO  vO  vO  sO  sO  sO  sO  sO  vO  sO 


tj  fc 

O  6 
X  ^ 
\ 

X 

G 

O 


oooooomooooooooo 
ocmoooo— »<roooooooo 

minvoNoo^oo-'^.^^^^rvco 
OOOOOO^—*^  *—*  — 4  *-H  — 4 


CM 

CM 


O 

CM 

00 


CM 

CM 


•h  e 

jO  J* 

•*H  W 
l/> 

•H 

> 


3 

x 

X 

G 

Q 


OON'O'O^hhh^h^nhhid 

'joNNMninmmin^'jinin^ 


ooooomooooooooo 

OOOOO— '^OOOOOOOO 
inyfiNoocvOOHNn^invorNCO 


CM 

CM 


CM 

CM 


A- 7 


f»  U 
O  ^  CO 
N  d) 
C  <0  pH 

)-*  X  o 


6  CO  3  CO 
>  3  > 
CO  M«  Mi 
o;  <u  p  & 
•H  cn  3  co 
.*3  3 


0)  03 
•  N 

CO  CO  o 

c  3  6 

O  c/3 

*r4  00 

4->  c 


u  >>  >> 
<D  N  N 
U  CO  CO 


<D 

CO 

u 

Mi 

03 

O 

4-1 

0 

CJ 

C 

si 

si 

M4 

> 

V 

V 

G 

3 

0 

p 

> 

> 

p 

-U 

C0 

u 

c 

O 

p 

p 

• 

Oj 

Mi  <n 

Mi 

0 

O 

3 

0) 

4-> 

03 

CJ 

03 

0) 

pH 

o  -H 

p 

CO 

cO 

03 

CO 

G 

0) 

0) 

N 

H 

4J  £ 

3 

0) 

3 

3 

O 

pH 

pH 

<u 

0) 

•iH 

■p^ 

c0 

4) 

O  1> 

a 

pH 

o 

CJ 

u 

-a 

00 

3 

in 

c0  3 

CJ 

03 

03 

c 

p 

0) 

03 

cO 

cm  a 

•u 

u 

u 

3 

CO 

3 

CO 

CO 

3 

p 

CJ 

E 

CO 

03 

CO 

CO 

O 

CJ 

3 

CJ 

Mi 

Ml 

Mi 

»— i  M> 

<U 

<y 

a> 

a 

CO 

G 

CO 

Q 

CM 

•«H 

cn 

CM 

3 

s 

s 

i-H 

Q) 

<U 

Cu 

• 

• 

• 

4) 

CO 

• 

CO 

o 

• 

pH 

^H 

r-H 

o 

CO 

O 

o 

lu 

CO 

O 

CO 

2 

o 

CJ 

a 

CJ 

U 

V 

<n 

4)  cn 

0)  m* 
a  o 

,C0  4-> 

cn  4) 

•a  h 
c  w 


BinHvoinnoooi^oo^ 

vomuir^jiHO^ino'r'in  l 


rt  E 
0.  V  3 
O  •-< 

M  — i  fO 

q  a,/v 

Q)  w 

a: 


o  rt  3  E 
cn  (j  w  C 
O  O-  n 

U  4J  0)  o 

a)  ao  in 

<  O  w 


-4*  cn  m 
o  o  o 


NONOminvO'O 

OOOr-cOOOO 


o  o  o 


oooooooo 


3r--cy\cn3r,'-<tpHOr-'»mcN 

ONcnaooorncn«4*<f<-<Ncom  i 
njcnojcNcsicMCNcNcNcsirMCM 


cNOmr^<TOcNOcn'Or^.r^vO 

OOOONvOOOCOOOOOOOCOCOCOOO 


W  CO 
4J  V  3 
M2  3 
3  00 


O  ■■ — ' 

•f-K3 

a>  w  e 
h  rt  u 
(j 

•*-»  4-»  Ml 
*->  C  0) 
U  o  -C 
ccS  U  E 
CM  C  3 
o  c 
u  w 


o  o  o  o 
o  o  o  o 
o  o  o  in 


oooooooo 

oooooooo 

aooooomoo 


cni  o  <r  on 

pH  pH  "4  «-H 


m  i  sjNH^Mr^com 
pH  (N  H  H  H  H  CM 


OOOOrnmcMcn-^^f^r^t-vT 
3  3  vO  3  3  3  3  3  3  3  3  13  3 


a  x  co 

6  M  J 

4i  a  o 

H  00 


<r<rtnr^3r^3ooaor^33r"* 
3  '3  v3  i3  v3  3  3  3  3  3  3  3  3 


n  n  o  (N  l  qo  oo  i  3  n  n  n  c*i  oo  cn 
m  m  m  n  h  cMCMcnmcM-Hcnm 


oooomoooooooo 
ooom^oooooooo 
3n'COcooH^nvjn3NcO 
O  O  O  O  H  pH  pH  i-H  I— (  *— 4  pH  pH  1—4 


000000^000000000 

mooocno^moooooooo 

m3r->ooaoc^OO^cNm^rtn^or-.oo 

^D  (3  C3  CD  C3  pH  •— l  **H  pH  pH  t— 1  «-H  i-H  pH  >— >4 


irmfinSjBmw™ 


i 

*» 


$ 


fig 


$ 


KS5 


M 

0 

03 

00 

£ 

c 

V 

•H 

(0 

c 

0 

0 

X 

> 

aO- 

0 

j 

■u 

o 

Cl 

C 

c 

c 

at 

C 

■H 

3 

> 

3 

c 

0 

o 

CO 

03 

3 

u 

C 

03 

03 

U 

0 

3  00 

3 

0 

*d 

0 

tn  C 

4-1 

4-1 

0 

3 

u 

•H 

0 

0 

C 

O 

u 

X  ^ 

Ui 

03 

N  0 

4-1 

ki 

u 

w  > 

•H 

O 

/—I 

c 

J=  0 

<4-1 

c 

a 

•H 

o 

N-/ 

M 

— 

— 

•H 

•H 

*H  *r4 

•H 

*H 

•H 

CJ 

a 

a  u 

u 

u 

CJ 

CJ 

r-s. 

\£> 

vO 

N O 

m 

o’ 

O 

o  o 

o 

o 

O 

o 

u  u  u 
0  0  0 


u 

0 

V) 

*d  \ 

0  V) 

0  u 

O.  0 

ICO  V 
0 
6 


vfl^OHC^^HCOHH 

m  in  'r,  fN  vf  n  <r  in  vD  i/i  \0 


ti- 

o 

AJ  CO 
0  0  J 
^  35  =3 

3  CO 


Ci 

0 

a  x  co 

g  k  J 
0  Q  ZD 
H  CO 


<TrHO>r^r«*a>r^sOa>C4<r 

'^O>J’>DC0CN(^(T'H00r>' 

CNCNCSICNCMrOfMCMCNCNCN 


i^NinincooaNOMCNo 

cooOQOWNoONrsrsfN® 


QOoomoNO^o 


f'jNnn^sfmuiin^^ 
so  vO  sO  ''O  vO  vO  o  O  vO  vO  vO 


mmcNinmtnoooo 


Ul'flvOOOOCOO'HOO'CO 
v£>  s£}  '•O  vO  vO  sO  r—  r-»  ^  \0 


moOOOOOOmoO 
sOOOOOOOO'TOO 
or-~00CT'O— i  m  n  >n  m» 
-  O  O  O  i—4  —4  “4  -H  -H  i— 4 

<r  * 

tN  <r 


nl  V  in 
-h  0  -H 

^  *J  e 

DUD 

W  (I  £ 
It  &  U 
CJ  6 
>-•  V. 
O 
t4J 


tS  E 

a  u  3 

o  -H 
t<  -  M 

a  a.>v 
at  >— ' 
cn 


O  rt  J=  E 
1/1  (J  *J  C 
O  -4  CL  CM 

Vi  4->  at  o 
at  act  ui 
<  o 


c 

O  ' — ' 
D  4-i  E 

>-•  rt  u 
U  t-  -v, 
■r-«  4->  |l 
4->  C  D 
U  Ot  JO 

rt  u  e 
a.  c  3 
o  c 

U  W 


O'  co  v£>  O 

O  --4  f— 4  f— I 


O  CO  H  3\  4f  N 
cm  O  i-4  O  r-i  CM 


o  o  o  o 


o  o  o  o  o  o 


oooo  oooooo 
OOOO  I  oooooo 

mr--o^  I  Of'oroo'r'ro 
<'"i  ro  r-.  n">  ci  -3-  m  m  r"> 


00  o  cn  co  icMmc'tu'^Dui 

cminicno  |  cnmrommro 


OOOOOOOOi/lOO 

0000<'"'000--T00 

MOaiOOHMmnisco 

O  O  O  —4  r— (  i— 1  — 4  —4  f— 4  — (  — 1 


I 


}«'! 

Vj4*< 

iyv 


k 

M 

U 

M 


s? 

4 


a- 1 


*3 

H 

• 

03 

co 

<U 

* 

c 

c/3 

JC 

cn 

4J 

03 

J* 

a 

s 

0) 

<u 

03 

cn 

> 

u 

u 

0 

0) 

QJ 

e 

4-1 

> 

<— 1 

u 

•H 

0 

OJ 

i-H 

JS 

u 

0 

3 

3 

CJ 

» 

•* 

3 

3 

3 

3 

3 

a> 

3 

O 

CJ 

0 

u 

u-i 

0) 

u-i 

■u 

4J 

4-1 

u 

* 

co 

co 

co 

c 0 

^  u 

* 

<u 

03 

03 

dJ 

0) 

0) 

0) 

<- 

o> 

s 

<r 

CM 

f— 1 

0) 

CD 

e 

6 

E 

s 

E 

1-1 

• 

03 

• 

• 

• 

«H 

f-H 

03 

03 

03 

03 

03 

03 

P  in 

0 

CO 

0 

O 

0 

CJ 

CJ 

CO 

CO 

CO 

CO 

CO 

0  -H 

—4 

w  E 

<D 

u  a> 

to 

rt  x: 

o3 

a.  u 

U 

E 

4) 

</) 

•d 

V  in 

D  (-1 

O.  <U 

to  «-> 

V) 

« 

T3 

E 

e 

w 

t—i  m,— 1^©'-HO^CNr>.r-4r-* 

•  o . 

cm  m<r>cM<r<rmvommm 


u. 

o 

w  09 
<U  U  -J 
U  2C  3 
3  co 


<3 

u. 

V 

a  xcc 
S  M  j 
<U  O  3 
h-  00 


HHvOON^O'T^^HCNOn 

co  cacooNrsoooooooooNO'^ 

m  oinncncncncncnojcnjcn 


OrsvO^rviN.HinOHasON 

(^cor^cor^rsQOQOCOOONiN 


incNininoooooMoooiA 


'J'J'^fs'iAU^lT\sOi/,'iA'OvO 
sO  sO  vO  vO  vO  sO  \0  vO  vO  vO  sO  vO 


inmoaoooooomaoino 


'0^)5'0000'^0'0'^0 
\0  p--  r--  \Q  \&  \Q  \0  'vO 


OOOOOOOOOOOO 

m^oooooooooo 

inNcoi^OHMn<ri^^fs 
O  O  — H  ^  rH  *“ 4  1—4  i—4 


rt  6 
a  u  3 
o  -H 

J-i  — 4  o 

q  a, 

<D  w 

CL 


on  s:  b 
W  U  W  c 
o  a.  cm 
U  4J  <v  o 
v  cu  a  m 
<  O  w 


c 

O  /— 

D  4->  6 
rt  u 
u  u  ^ 

w  p 
4->  C  0) 
J-I  <U  X) 
aj  CJ  E 

a.  c  a 
o  r 
u  w 


OCMfOP^mcOvOvOvOvO 

CMCM.-40000000 


OOOOOOOOOO 


OOOOOOOOOOOO 

OOmi^OOOOunmou^ 

coommcNLnooomr^a>^ 

>JCOHHHH(NH(N 


HHsJsJXOOOOQOH^HQO 


!riO'T<roO'j'T'0'jvoo 

msTiniPinirisr^NcoNiri 


OOOOOOOOOOOO 

mooooooooooo 

iTifNC0(j\O^(NfO^invOls' 
O  O  •“H  •—*  — 4  — H  —4  •— 1  i-H  t—4 


i 

& 

iVr 

$ 
m 

I 

>*A?i 

n 

Wa 

I 

I 

I 


5 

6 


u 

03 

03 


03 

CL 

03 

03 

4-1 

CO 

«* 

CL 

03 

CL 

C 

03 

CO 

CL 

C0 

CO 

a 

N 

U 

CO 

CJ 

Ll 

3 

C0 

03 

u 

03 

"O 

C/3 

JZ 

4-1 

03 

u 

CO 

t4 

4-1 

3 

4-1 

JZ 

*H 

•C 

• 

a* 

• 

J= 

JZ 

3 

03 

T3 

00 

* 

03 

»—♦ 

C 

•H 

5 

Li 

a> 

fH 

co 

H 

03 

03 

03 

03 

CO 

t4 

'Ll 

Li 

* 

• 

0 

03 

e 

C 

L 

T3 

#> 

E  >- 

*—4 

*H 

03 

C 

03 

CO 

> 

3 

M 

•* 

*» 

u 

0) 

O 

r— 1 

CO 

03 

3 

3 

.C 

N 

N 

•  A 

co 

4-1 

u 

C0 

CO 

UJ 

<0 

03 

Ll 

J 3 

JZ 

T3 

u 

C 

> 

*c 

0 

C 

u 

O 

00 

JZ 

JZ 

4-1 

CO 

03 

CO 

•H 

u 

4-1 

£ 

3 

*— 4 

•H 

•H 

W 

C 

CJ 

a 

4-1 

4-1 

w 

aj 

0 

CD 

C/3 

C/3 

u 

Li 

l» 

T3 

u 

03 

CO 

03 

03 

03 

3 

co 

00 

*-H 

£ 

H 

03 

a 

a 

a 

03 

03 

4-1 

4J 

• 

• 

c0 

• 

c0 

CO 

C0 

•H 

C/3 

C/3 

o 

o 

C/3 

O 

u 

CO 

CO 

CO 

CJ 

O 

c0 

Li 

4-1 

Li  01 

O  -H 

LI  £ 

0) 

U  03 

03 

<U  jG 

cO 

a.  u 

u 

E 

in 

VI 

03 

TJ 

£ 

C 

V— ' 

C 

o 

LI  UJ 

U  3 

03  DC 

.sr 

Q  w 

03  03  -J 
3  CD 


c0 

t- 

0) 

a  xcq 
e  l»  -j 
a>  a  s 
H  co 


0'JHinsOHH\0(^(N\OrNH 

HnNHcvj'j't'jvOvO'j^m 


OoncNcMO<rinm\OvncNONm 

CMH^NOOvON^(^COCNOOO 

O^Nfvjfvjrg<N£Nrsj(Nfvj(Nfn 


tNin^OvOHvocomrsHNCN 

ONO'QOcOCOOOaoorvrNOOfNQo 


QOOOOOO^^'O'tfSOQOOCN 


vrvr^NvO^^I^OONr-f^N 

sO  vO  vO  v0  sO  vO  vO  vO  sO  'sO  vO  vO 


moocoommoooocNooo 


yOm^O^OOOntNNHH 

sOvCvOr^sOr^.r>.r^r>.f^.r^.r^r**» 


OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
'sOr^.oochO— HCNrn<rmvOr^oo 
CZ  CD  O  CD  *“H  ^-4  '*“♦  **H  <“-4  *—4  "H 


tfl  E 
O.  (J  3 
O  <H 
(-1  — •  K1 

a  a 

4)  w 
CC 


o  cs  -e  g 
</i  o  w  e 

O  — I  CL  PI 
ti  w  #  o 
«  Q.  Q  in 

<  o 


e 

O  ' — ' 

Due 
— <  rt  u 
y 

— *  *->  (-i 

*->  C  4) 
(h  1)  jO 

m  y  g 

O.  C  3 

o  c 

U  w 


00<0'iDNO®000''»P' 
OOOOO*— i0r-**-40«— ,'“i 
•  ••!(••««••* 
oooooooooooo 


OOOOOOOOOOOOO 

OOOOOOOOOOOOO 

QOcoo^cooJ^ojfNinooooN 

'OsOO''JvON>ioooorinm>j 


HHHHintNinnn 


COCOOOOOCOO^tNOOMM 

(Nnn<rnnNnnNfn«j^ 


OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
vONCooNOHtNn^in^MX) 
O  O  O  O  *“H  ,"H  *“4  >-h  •—*  i— i 


i  l.l  l.l 


CO 

z 

Li 

-a 

CO 

o 

01 

CO 

Li 

> 

o 

Li 

a 

Li 

01 

CO 

CO 

00 

CO 

XI 

c 

o 

o 

o 

• 

c 

Li 

Li 

CO 

<U 

00 

CO 

CL 

c 

3 

X 

L* 

o 

CO 

Li 

CO 

JZ 

co 

• 

SZ 

CO 

X 

•H 

CO 

CO 

0) 

c 

CO 

•H 

u3 

CO 

• 

CO 

01 

• 

w 

Li 

• 

u 

•H 

CL 

z 

CO 

c 

CO 

<u 

00  *H 

a 

3 

a 

Li 

c 

J3 

0 

co 

O 

CO 

CO 

CO 

co 

• 

Li 

u 

S 

CJ 

01 

H 

CO 

oi 

01 

#» 

c 

•H 

u 

H 

Li 

a 

Li 

Li 

LI 

CJ 

•H 

CO 

•r* 

0) 

c 

E 

J3 

LI 

jC 

Lt 

> 

01 

T3 

5 

CO 

3 

CO 

0 

c 

u 

c 

• 

CO 

<u 

•H 

01 

CO 

3 

CO 

0 

i-H 

a 

01 

E 

• 

> 

01 

a. 

CJ 

CL 

N 

O 

cu 

o 

D 

U-i 

co 

CO 

co 

CO 

Li 

CO 

C/1 

cj 

C 

E 

-C 

a. 

co 

3 

* 

<x> 

cO 

CO 

CO 

X3 

CJ 

0 

'Ll 

Li 

u 

d> 

C 

co 

CT3  Li  -U 
C/1  (A 
X 

n  <r  ^ 

CO  •  • 

J  O  O 


c/i  co 

o> 

CO  CN  £ 
.  •  CO 

O  O  CO 


o  Z  u 

0  01  3 

Li  Cx-  4-1 


U  X 
D  N  T3 
>  CO  C 
O  JZ  CO 

3  * 

CJ  L  • 

co  aj  o» 
■"-»  01  £  E 
•  r— I  CO  CO 
O  CJ  CO  CO 


cO  Li  t/i 
O  -H 

li  £ 
0)  O  d> 
c0  -C 
co  a.  u 
U  £  , 

O 

cu 


fcf 

i 


B 


1 

tf: 


a 

o 

v> 

-a  \ 

OJ  V) 
0)  M 
Q«  dJ 
CO  L» 
VI  <u 
*D  6 
C  w 


U. 

o 

Li  CO 
d>  <U  -J 
USD 

3  co 


cU 

u 

V 

axco 
S  U  J 
1)  Q  D 
H  CQ 


H^H^H<rcNONO>inaNO 

inn-vrnmvovominin'jcn 


rt  E 
Du  o  3 
o  *H 
U  to 

q  a 

0)  ' — * 
01 


o  CO  x:  s 

</>  u  l>  c 

O  «H  0*01 

u  w  <d  o 

0)  CL  Q  UO 
<  O  w 


»— 4  ^  rH  *L  t— H  O  O  O  O  O  r—i  O  O 


ooooooooooooo 


CVlinNyOvfNjMvOH^OOl 

cO(7NCOco<j-i/Ossor^oor^CO'vO 

CNHCJCVJCNCNCVJCNCNCNCSIOJ 


oouoovo<rps-r^o4a>^H^H 

O'd'COO'COQOrNrsoorsoor'' 


tnmcNinminooaor^asocN 


o^in'CNcovOvO'Oinvo^ 

sO  vO  vO  sO  \0  vO  \0  v«0  vO  vO  vO  \C 


i/unmoo^coc'jninmo^ 


Lnvoooooo^H^u^oooo 

\0\D'X5vOr>sNr,Niv.[N.rvrsrN 


OOOOOOOOOOOO 
OOOOOOOOOOOO 
vOf^OO^OntNONjlAON 
O  ^0  ^3  C5  ,“H  ^  »—u  <-H  «— * 


Li  0>  X) 
cO  O  £ 
CL  C  3 
O  C 
U  w 


OOOOOOOOOOOOO 

omooounooommoo 

OcNi<rcNoomcNioor^.vOO<r 

H^omHNvrnococNnn 


m 

X 

Li 
•  H 

L  /"■—v 

•h  £ 

o 

X3  LxC 

•  L  ' — ' 

V) 

•  L 
> 

O 

O 

oo 

b  t 

— ’  •<- 

o  ro 

00 

X 

CN 

X 

cO 

o 

cocOHNOfinm^co^H^o 


*— i  *-h  »— 4  r-»  XJ  cO  O  c-**  O  r-  \Q  co 
(NNcvjHH(Nmn<fi^sjMn 


OOOOOOOOOOOOO 

ooooooooooooo 

vOis>coa'OHrg^<rinvorNCO 

^3  ^0  ^3  C~1  rL  >— I  f-H  i~H  »— ♦  «— i  »-h  — 4 


W/.y^s- 


APPENDIX  B 

AEROSOL  SIZE  SPECTRA  AND  ELEMENTAL  PARTICLE  COMPOSITION 

FOR  THE  USNS  LYNCH  CRUISE 


Aerosol  size  distributions  and  individual  particle  elemental 
composition  are  presented  in  this  appendix. 

Particle  size  distributions  are  shown  in  both  plotted  and 
tabular  form.  Plotted  size  distributions  are  presented  only  for 
those  times  when  data  was  available  from  all  three  particle  size 
analyzers  (EAA,  Royco,  and  Drop  Replicates)  and  cover  particle 
diameters  from  0.01  microns  to  100  microns.  Because  each 
instrument  has  it's  own  characteristic  particle  size  channel 
widths,  the  number  concentration  of  particles  in  each  channel 
shown  in  the  plotted  data  only  was  normalized  to  a  one  micron 
wide  channel  width.  The  size  analysis  procedure  for  the  drop 
replicate  is  presented  in  detail  in  reference  (1)  below. 

In  tabular  format,  the  size  distribution  data  is  presented 
in  number  of  particles  per  cubic  centimeter  of  air  within  the 
indicated  size  ranges  (diameters). 

Elemental  particle  composition  is  presented  as  the 

percentage  of  particles  containing  a  given  element.  The  analysis 

(  2  ) 

procedure  is  detailed  elsewhere. 


(1)  Mack,  E.J.,  B.J.  Wattle,  C.W.  Rogers,  and  R.J.  Pilie,  1980 
"Fog  Characteristics  at  Otis  A F B ,  MA" ,  Calspan  Report  No. 

6655-M-l,  77  pp. 

(2)  Mack,  E.J.,  R.J.  Anderson,  C.K.  Akers,  and  T.A.  Niziol,  1978 
"Aerosol  Characteristics  of  the  Marine  Boundary  Layer  of  the 

North  Atlantic  and  Mediterranean  During  May-June 
1977",  Calspan  Report  6232-M-l,  215  pp. 
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1500 

1251 

1503 

6  89 

755 

289 

74 

r 

15 

1 . 5 

8 . 6 

0 . 0 

4505 

1600 

417 

167 

348 

1 066 

•  J  T'  *7 

1 

86 

r 

13 

1 . 7 

0 . 7 

0 . 0 

2445 

1  700 

0 

0 

C  “l  •-! 

622 

y  r 

1 35 

0 

14 

1 . 9 

0 . 9 

0 . 0 

1  6  3  3 

1  800 

5  0  0  4 

O  •  j  c; 

•  J 

696 

799 

362 

123 

r 

14 

1 . 6 

0 . 8 

0 . 0 

7  8  d 
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OSNS  LYNCH  PARTICLE  SIZE  DISTRIBUTION 

2 

(Number  of  particles  per  cm  per  size  interval) 


"JNE 

GMT 

TIME 

23. 198 

.01 

.018 

£ 

.018 

.032 

Particle  Diameter 

.032  .056  .100 

.056  .100  .178 

(microns ) 
.178  .316 

.316  0.56 

0 .56 
1.78 

1.78 

3.16 

3.16 

5.62 

5 .62 
10.0 

Total 

330 

417 

O  'I1 " 

2  61 

355 

1  ‘ ' 

g£ 

\ 

15 

1 . 6 

0 . 3 

.. 

2  1  7  1 

600 

2085 

7348 

1653 

2398 

r‘ 

135 

13 

17 

1.7 

0.6 

1  4398 

700 

3753 

5010 

957 

1199 

456 

111 

13 

V  4 

2 . 6 

1 .  1 

0 . 0 

11526 

840 

11259 

8517 

1479 

1288 

578 

160 

0 

y 

4.  1 

£  .  £ 

0 . 0 

3  3 i  s 

1000 

0 

1503 

435 

488 

289 

123 

{ 

25 

3.7 

1.6 

0. 0 

■~i  o  •?  cr 

1100 

0 

668 

522 

844 

410 

111 

7 

2 

.*!  a  2, 

1 . 6 

0 . 8 

ft  =;  ft  ft 

1200 

1251 

3340 

1131 

1776 

554 

111 

•“» 

32 

3.  1 

1.4 

0 . 0 

ft  ft1 1  ft 

1300 

834 

2672 

2088 

2264 

795 

148 

13 

18 

2.5 

0 . 9 

0 . 0 

003  7 

1400 

0 

501 

1218 

1 066 

434 

98 

13 

19 

2.5 

0 . 9 

0 . 0 

Z>  ■’  cr 

1500 

417 

835 

435 

622 

265 

98 

13 

21 

3 . 0 

1 . 0 

0 . 0 

271  1. 

1600 

417 

1336 

1044 

1154 

506 

160 

20 

2Q 

2. 5 

0 . 9 

0 . 0 

466>  1 

1700 

4170 

0 

17  40 

844 

217 

74 

{ 

17 

2.5 

i .  i 

0 . 0 

7092 

1800 

834 

1670 

609 

710 

3  8  6 

98 

r 

17 

1.9 

0 . 8 

0 . 0 

4353 

•  n 1 986 


640 

417 

4509 

1814 

2309 

892 

172 

q  cr 

Q 

1 . 2 

0 . 0 

10285 

700 

0 

2672 

1 2  1 8 

1 909 

916 

185 

32 

2  ■  y 

1 . 2 

0 . 0 

6  9  6  8 

800 

5004 

2672 

18  05 

1820 

651 

160 

■"‘7 

29 

3 . 0 

1 .  1 

0 . 0 

11672 

900 

3753 

4008 

24  36 

3064 

1205 

234 

47 

40 

3.  4 

1 . 3 

0 . 0 

14790 

1000 

1251 

3006 

1653 

3508 

1711 

3  3  2 

53 

29 

2.9 

0.9 

0 . 0 

11547 

1100 

4587 

7181 

14  79 

2575 

1157 

258 

53 

29 

b_  •  O 

1 . 2 

0 . 0 

17324 

1200 

0 

3340 

cr 

-  ill  til 

2620 

1036 

221 

20 

26 

w  a  1 

1  .  1 

0 . 0 

7  q  q 

1  300 

4170 

3841 

2262 

1687 

699 

148 

13 

26 

*  b_ 

1 . 0 

0 . 0 

1  2  8  4  9 

1600 

0 

5845 

2958 

1820 

554 

111 

2  3 

2.0 

0.9 

0 . 0 

11321 

1700 

417 

5010 

3306 

2442 

651 

135 

f 

24 

1.7 

0 . 8 

0  .  0 

1  1994 

1800 

417 

1503 

1395 

2975 

1157 

1 4  8 

40 

21 

1.3 

0.5 

0 . 0 

cr  ^ — 1 
i  •_*  q ! 

JUNE 

25 » 198 

6 

600 

834 

2004 

2  57 

1021 

3  3  6 

98 

f 

b-  w 

1 . 2 

0 . 0 

cr  q  ■-! 

700 

2502 

3841 

18  95 

2987 

651 

135 

7 

40 

4.  1 

2  a  2 

0 . 0 

10574 

800 

834 

1670 

ce? 

-■  J  i 

977 

265 

1 1 1 

0 

C*  >4. 

2 . 9 

1 . 2 

0 . 0 

4839 

900 

417 

835 

c 

■-  ill  ill 

488 

193 

62 

7 

14 

1.9 

0 . 9 

0 . 0 

2540 

1  000 

9591 

4676 

2697 

2708 

771 

148 

13 

14 

1 . 7 

0 . 9 

0 . 0 

20621 

1  100 

1251 

4008 

1566 

1554 

530 

74 

13 

i  1 

1 . 3 

0.6 

0 . 0 

9  0  0  9 

1  2  0  0 

6672 

12358 

3132 

3730 

795 

160 

C.  i  " 

10 

0 . 8 

0 . 4 

0 . 0 

2  6  8  8  5 

1300 

1 1 67  6 

2672 

17  40 

2620 

771 

172 

<L  ( 

13 

0.9 

0.4 

0 . 0 

1  969  2 

1  400 

0 

ogftq 

1479 

1021 

419 

1 1 1 

■L.  f 

3 

0 . 8 

0 . 4 

0 . 0 

5896 

1500 

46287 

13193 

1392 

4307 

1542 

308 

40 

l  i 

U .  8 

0.4 

0 . 0 

67081 

i  1 6 

0 

Pi  1  ft  ft 

5394 

6  3  0  5 

1398 

160 

o  ■? 

0 

0.0 

0 . 0 

0 . 8 

21466 

1600 

834 

1169 

1827 

3286 

1 1 33 

160 

13 

1 6 

0.9 

0 . 4 

0 . 0 

0  4  3  3: 

1700 

0 

3173 

3741 

4174 

1109 

160 

20 

1 1 

1 . 1 

8.5 

0 . 0 

1  2  3  8: 8 

1  800 

417 

1503 

13  05 

3552 

1398 

172 

2  f' 

12 

1. 1 

0.4 

0 . 0 

p  p  3 
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USNS  LYNCH  PARTICLE  SIZE  DISTRIBUTION 


.  .'ME  £ ' 


(Number  of  particles  per  cm' 
Particle  Diameter  (microns) 


iize  interval 


GMT 

.01 

.018 

.032 

.056 

.100 

.178 

.  316 

0 .56 

1  .  78 

3 .16 

5 . 62 

TIME 

.018 

.032 

.056 

.100 

.  178 

.316 

0.56 

1 .78 

3.16 

5  .62 

10.0 

Total 

t0U 

fcT 

3006 

1 9  1 4 

1920 

6  r ' 

123 

13 

9 

9 

0 . 3 

0 . 0 

7490 

300 

0 

1169 

6  96 

622 

2» 

93 

i 

10 

0.7 

0 . 2 

0 . 0 

£  8  6  7 

900 

0 

1503 

10  44 

1110 

3b  J 

111 

9 

0 . 8 

0 . 3 

0 . 0 

4146 

1000 

0 

5673 

2175 

1365 

503 

123 

9 

0.6 

0.2 

0 . 0 

10480 

1100 

0 

1670 

1131 

1598 

554 

166 

10 

0.6 

0.2 

0 . 0 

5158 

1200 

1251 

1802 

2610 

1687 

771 

172 

40 

10 

0.8 

0 . 4 

0 . 0 

7545 

1300 

0 

668 

3  4^ 

2442 

933 

269 

40 

14 

0.8 

0 . 3 

0 . 0 

4711 

1400 

0 

2004 

522 

1199 

506 

123 

£  f‘ 

1  1 

0.9 

0 . 3 

0 . 0 

4392 

1500 

5421 

1837 

696 

799 

410 

98 

13 

9 

1 .  1 

0 . 6 

0 . 0 

9  £  8  6 

1600 

417 

1336 

348 

710 

410 

111 

13 

9 

0.7 

0.5 

0 . 0 

■  J  "1  CJ  CJ 

1700 

0 

1503 

609 

1 066 

603 

123 

13 

9 

0 . 8 

0. 4 

0 . 0 

3  9  2  6 

JUNE 

27  j 198 

6 

600 

1663 

2804 

696 

799 

362 

98 

r 

13 

1 . 3 

0 . 5 

0 . 0 

5648 

700 

2919 

2585 

S  70 

9  3  2 

434 

lii 

20 

15 

1 . 4 

0.7 

0 . 0 

7  8  0  8 

800 

1668 

5511 

1644 

799 

265 

74 

13 

12 

■  j  7 

1  .  1 

9391 

900 

3753 

7131 

2436 

2797 

747 

93 

r’ 

16 

4!  i 

1.3 

0 . 0 

17041 

1000 

0 

10521 

3915 

4928 

1326 

135 

13 

17  . 

1 

1.2 

0 . 0 

£  0  8  6  0 

1100 

0 

5678 

5431 

9238 

2988 

326 

26 

24 

4.4 

1  .  1 

0 . 0 

£  3  7  9  6 

1200 

0 

2171 

33  93 

8  658 

3229 

"l  ‘"I  O 

20 

3.5 

1 . 0 

0 . 0 

17835 

1308 

0 

3341 

9043 

13353 

2916 

166 

40 

16 

3 . 6 

1.3 

0 . 0 

£9879 

1400 

834 

3341 

52  20 

8347 

2024 

209 

■*l  ‘*1 

16 

4.2 

1 . 7 

0 . 0 

20531 

1500 

5421 

4676 

2734 

2436 

1636 

86 

r 

17 

■  l 

1 . 5 

0 . 0 

16518 

1  600 

•  0 

3674 

3  3  0 6 

4218 

1133 

148 

13 

16 

4.0 

1 . 5 

0 . 0 

12513 

i  '09 

0 

3674 

34  30 

4795 

1205 

148 

"p 

15 

3 . 6 

1 . 2 

0 . 0 

1  3  3  £  8 

1300 

y  y  4 

2171 

4802 

6038 

1422 

135 

20 

12 

3.4 

1.3 

0 . 0 

14640 

JUNE 

23 1  198 

6 

600 

5833 

1169 

1131 

2  8  3 6 

1229 

123 

5.0 

1.8 

0 . 0 

12432 

700 

0 

1670 

957 

2042 

771 

74 

2  3 

y ,  y, 

1 . 7 

0 . 0 

5569 

800 

0 

1503 

1131 

2575 

1133 

135 

13 

21 

7 

1 . 3 

0 . 0 

6515 

900 

0 

2339 

1305 

2797 

940 

123 

0 

1? 

3 . 9 

1.7 

0 . 0 

8  0  3  7 

1000 

0 

1503 

1644 

3019 

1035 

123 

■  j  CJ 

•— *  ■  •— 1 

1 . 4 

0 . 0 

6810 

1100 

0 

1002 

1305 

3463 

1470 

209 

13 

20 

2.5 

1 . 3 

0 . 0 

7486 

1200 

0 

3 0  0  6 

1305 

4218 

1976 

234 

15 

2.2 

1 .  1 

0 . 0 

10791 

1300 

334 

2333 

2033 

3664 

1035 

160 

i' 

15 

1 . 9 

1 .  1 

0 . 0 

9  c;  9  9 

1400 

0 

2505 

1653 

2842 

868 

135 

13 

1 1 

1 . 4 

8.7 

0 . 0 

8  0  £  9 

1500 

4170 

4342 

2175 

4262 

2624 

197 

2  »■’ 

1 1 

1 . 3 

0 . 8 

0 . 0 

17210 

1600 

0 

3674 

2088 

3730 

1356 

168 

13 

10 

1 . 3 

0.7 

0 . 0 

11027 

1700 

0 

3674 

1327 

2486 

699 

36 

r 

Ci 

0.9 

0.4 

0 . 0 

8  7  9  9 

1300 

334 

2505 

2175 

3952 

1301 

160 

13 

!“! 

8 . 8 

0.4 

0 . 0 

1094  9 
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DROP  SIZE  DISTRIBUTION 


USNS  LYNCH 


(Number  of  droplets  per  cm-3  per  size  interval) 


19  >1986 

1ST 

TIME  2-4 
J  0  0.139 

1011  0.085 

1315  0.093 


JUNE  30? 1986 


Particle  Diameter  (microns) 


0 . 036 
0.031 


tz3 

0 . 00? 


.  001 


0.013  0.008 

0.00?  0,003 


10-12 

0 . 000 
0 . 003 
0 . 003 


12-14 

0.  ..00 
0 . 003 
0 . 000 


14-16  16-18  18-20  20-22 

0 . 0  0  0  0 . 0  0  0  .  0  0 1._.  0 . 0  0  0 

0 , 00 1  0 . 00 1  0 . 00 1  0 . 000 
0 . 0  0  1  0 . 0  0  1  0 . 0  0  0  0 . 0  0  1 


800 
1  000 
1315 


0.  108 

0 . 058 

0.01 9 

0 . 006 

0 . 002 

0 . 002 

0 . 000 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

0. 078 

0. 046 

0.017 

0.014 

0 . 003 

0.003 

0 . 002 

0 . 00  1 

0 . 0  0  0 

0 . 0  0  0 

0. 094 

0.023 

0 . 0  1  0 

0 . 005 

0 . 002 

0 . 000 

0 . 000 

0 . 00  1 

0 . 0  0  0 

0 . 00  1 

3 1 -  1986 


800 

0.083  0.025 

0 . 0  0  6 

0 . 005 

0 . 002 

0.001 

0. 001 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

1  030 

0.116  0.029 

0 . 008 

0 . 004 

0 . 004 

0.001 

0. 001 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

1  200 

0.193  0.028 

0. 005 

0 . 003 

0.  002 

0 . 000 

0. 001 

0.  000 

0 . 000 

0  „  000 

JUNE 

22 - 1986 

8  0  0 

0.097  0.030 

0 . 0  0  6 

0 . 003 

0 . 002 

0 . 00  1 

0 . 0  0  0 

0 . 0  0  0 

0 . 0  0  0 

0 . 0  0  0 

1  100 

0.124  0.029 

0 . 0  1  0 

0 . 003 

0 . 002 

0. 000 

0 . 000 

0 . 0  0  0 

0 , 0  0  0 

0 . 0  0  0 

1  200 

0 . 0 8  3  0 .012 

0 . 0  0  5 

0 . 00  1 

0 . 0  0  1 

0. 001 

0 . 000 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

JUNE 

23- 1986 

0 

0.083  0.031 

0 . 0  0  0 

0 . 009 

0 , 006 

0. 002 

0 . 00  1 

0. 001 

0 . 0  0  0 

0 . 0  0  0 

840 

0.083  0.031 

0 . 009 

0 . 006 

0 . 002 

0 . 00  1 

0 . 00  1 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

1  000 

0.248  0.109 

0 . 0  2  3 

0 . 003 

0  .  004 

0 . 002 

0 . 00  1 

0 . 0  0  0 

0 . 0  0  0 

0 . 0  0  0 

1400 

0.134  0.045 

0 . 0  1  3 

0. 009 

0.  003 

0 . 000 

0. 001 

0 . 000 

0 . 00  1 

0 . 000 
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DROP  SIZE  DISTRIBUTION  -  USNS  LYNCH 

3 

(Number  of  droplets  per  cm  per  size  interval) 
--•■-■iic.  t ?  199  Particle  Diameter  (microns) 


GMT 


UfU 

TIME 

2-4 

t±zJ> 

1^8 

S  - 1  0 

10-12 

12-14 

L4.-1 3 

16-18 

18-20 

20-22 

1  :JU© 

0.  109 

0 .  @29 

0 . 0 .. 

0 . 0  0  4 

. :  3 1 

0 . 00  1 

0 . 0  y  i 

,  000 

.  @00 

■  ;jy 

1200 

0.142 

0.041 

0.012 

0  .  @03 

0 . 00  1 

0  .  @00 

0.002 

0.001 

0 . 0  0  0 

0  0 

JUNE 

25?  1886 

1200 

0. 037 

0 . 029 

0 . 0  1  9 

0.011 

0. 002 

0  ,  @@2 

0 . 0  0  1 

0 . 0  0  8 

0 . 0  0  0 

0 . 0  0  01 

JUNE 

lil  6  ?  1 9  y  b 

800 

0.042 

0 . 007 

0.  002 

0 . 0@  1 

0 . 000 

0. 000 

0 . 0  0  0 

0 . 000 

0 , 0  0  0 

0 . 0  0  0 

1000 

0.035 

0 . 009 

0 . 002 

0 . 00  1 

0. 001 

0 . 000 

0 . 000 

0 . 000 

0 . 0  0  © 

0 . 0  0  0 

1  2  0  0 

0 .  @33 

0 . 020 

0 . 009 

0. 005 

0 . 003 

0. 001 

0 . 000 

0 . 0  @  1 

0 . 0  @  0 

0 . 0  0  0 

JUNE 

27 ? 1386 

800 

0, 095 

@.  053 

0 . 008 

0 . 00  1 

0 . 000 

0. 001 

0 . 000 

0 . 000 

@.  001 

0 . 000 

1000 

0.062 

0.023 

0 . 004 

0  .  002 

0 . 000 

0. 001 

0 . 000 

0 . 000 

0 . 0  8  8 

0 . 000 

1200 

0 .  @95 

@.  053 

0. 008 

0 . 00  1 

0. 000 

0. 001 

0.  000 

0. 000 

@  .  0  0  1 

©  .  000 

1600 

0.  162 

0 . 035 

0.012 

0 . 0  1  0 

0  .  @05 

0 . 004 

0 . 00  1 

0.  001 

0 . 00  1 

0 . 0  0  0 

JUNE  28? 1 986 

800  0.093 

0 .026 

0.012 

©  .  009 

0 . 0  0  2 

0 . 002 

0 . 000 

0 . 000 

0 .001 

0 . 0  @  0 

1200  ©.111 

0 .042 

0.017 

0 . 084 

0 . 005 

0 . 0  0  1 

0.  001 

0. 00© 

0  .  0  0  0 

@  .  0  0  @ 

1600  0. 120 

0.029 

@  .  005 

0 . 004 

0 .  j  : 

0  .  @00 

0 . 000 

0 . 000 

0 . 0  0  0 

©  .  0  0  0 

JUNE  29? 1986 

800 

0.  154 

0. 043 

0.01 9 

0 . 006 

0  .  ©04 

0 . 0  0  0 

0 . 002 

0. 001 

0 . 0  0  0 

0 . 0  @  0 

1  030 

0.127 

0 . 030 

0 . 007 

0.004 

0 . 004 

0  .  @02 

0 . 000 

0 . 000 

0 . 0  0  0 

0 . 0  0  0 

1200 

© .  @68 

0.  ©2© 

0 . 006 

0 . 002 

0 . 0  @  1 

0 . 0  0  1 

0 . 00  1 

0 . 000 

@  .  000 

0  .  @00 

1  600 

0.  159 

© .  @25 

@  .  006 

0 . 003 

0.  002 

0  .  ©00 

0.  000 

0 . 000 

0 . 0  0  0 

0 , 0  0  0 
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PERCENT  OF  PARTICLES  CONTAINING  INDICATED  ELEMENT 


USNS  LYNCH  CRUISE 


B-2  5 


I 

h!t 


GMT 

n 

Date 

Time 

Na 

Mg 

A 1 

Si 

P 

S 

Cl 

K 

Ca 

Ti 

Fe 

f 

6/19 

1006 

4 

6 

6 

16 

0 

4 

44 

38 

24 

4 

4 

6/19 

1220 

0 

8 

46 

60 

0 

14 

2 

32 

18 

0 

26 

«!» 

6/20 

1004 

6 

8 

96 

52 

0 

26 

20 

20 

6 

0 

6 

6/20 

1213 

24 

12 
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APPENDIX  C 

OPTICAL  DEPTH  COMPUTATION  TECHNIQUE 


During  the  Gibraltar  Experiment,  sun  photometry  data 
were  acquired  at  hourly  intervals,  when  possible,  during  the 
cruise.  Data  were  obtained  for  a  5  nm  wide  band  centered  at 
502nm.  For  a  narrow  wavelength  band,  such  as  prescribed  by  the 
502nm  filter,  aerosol  optical  thickness  can  be  computed  from  sun 
photometer  measurements  by: 

i  P 

T*  =  m  [In  Ia  -  lnl  -  In  F  -  (T*.  +  T0  )  KM  ~P0  ] 

(From  Volz:  Sun  Photometer  Instructions) 

=  aerosol  optical  depth  at  M  =  1 

M  =  sec  (z)  where  z  is  the  solar  zenith  angle 

Ic  =  solar  radiation  at  top  of  earth's  atmosphere 

and  mean  solar  distance 

I  =  observed  solar  radiation 

F  =  correction  factor  for  distance  to  sun  at 

observation  time  relative  to  mean  solar 
distance 

=  Rayleigh  optical  thickness  (scattering  by 
atmospheric  gases)  at  standard  pressure, 
p  =  1013  mb 

=  Ozone  optical  thickness  (gaseous  absorption) 
at  standard  pressure 

p  =  observed  surface  pressure 

K  =  correction  factor  to  lR  and  l0  when  M>1 

(supplied  by  Volz) 

From  Hoyt,  D.V.  (J.  Appl.  Met.  1_6  p.  432,  1977): 

T 

^  =  .1402  for  June  and  30  N. 

From  Voltz  (Ibid) 

=  .0092 


APPENDIX  D 

OBSERVATIONS  AND  ELEMENTAL  PARTICLE  COMPOSITION 
FROM  THE  USS  AMERICA  CRUISE 


Data  collected  by  NEPRF  personnel  aboard  the  USS  America  are 
reported  here.  Figure  D-l  shows  the  approximate  cruise  track 
over  which  data  were  collected.  Data  is  reported  for  daylight 
hours  for  the  period  19  to  26  June. 

Optical  depth  was  calculated  from  Volz  sun  photometer 
readings  in  the  0.5  micron  (green)  channel  and  measured  M  (solar 
zenith  angle).  Particle  concentration  was  measured  with  a 
Gardner  Small  Particle  Detector,  relative  humidity  from 
temperature  and  dew  point  data,  and  sky  cover  estimation  by  human 
observer.  Significantly  lower  visual  ranges  calculated  from  the 
HSS  visibility  meter,  compared  to  the  observers  visibility 
estimate,  suggest  that  flight  operations  interfered  with  the  HSS 
measurements  throughout  the  cruise.  Visibility  reported  in  the 
following  tables  is  taken  from  the  manual  observations  of  NEPRF 
personnnel  aboard  the  America. 
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USS  AMERICA  OBSERVATIONS  (NEPRF ) 


6/19/86 


6/20/86 


6/21/86 


6/22/86 


Local 

Optical 

Particle 

Sky 

Time 

Depth 

#/cc 

RH 

Visibility 

Cover 

0900 

0.37 

_ 

68% 

5  nm 

0.2 

1000 

0.36 

- 

82% 

5  nm 

0.2 

1115 

0.44 

1350 

79% 

5  nm 

0.3 

1200 

0.49 

1750 

82% 

5  nm 

0.3 

1300 

0.47 

1750 

84% 

5  nm 

0.1 

1430 

0.47 

1900 

74% 

6  nm 

0.1 

1600 

0.65 

1900 

71% 

7  nm 

0.3 

1700 

0.40 

1550 

7  7% 

6  nm 

0.1 

1800 

0.42 

1550 

79% 

6  nm 

0 

0800 

0.45 

— 

92% 

4  nm 

0.5 

0900 

0.45 

3600 

83% 

3  nm 

0.6 

1000 

0.53 

- 

93% 

3  nm 

0.5 

1100 

1.04 

3600 

93% 

3  nm 

0.8 

1200 

0.55 

- 

93% 

3  nm 

0.9 

1300 

0.43 

2700 

90% 

3  nm 

0.7 

1400 

0.47 

7500 

78% 

3  nm 

0.4 

1500 

0.34 

3000 

89% 

4  nm 

0.2 

1600 

0.37 

- 

81% 

5  nm 

0.3 

1700 

0.36 

- 

61% 

7  nm 

0.5 

1800 

0.36 

- 

61% 

7  nm 

0.4 

1100 

0.28 

2200 

88% 

6  nm 

0.7 

1200 

0.36 

1600 

76% 

7  nm 

0.2 

1300 

0.43 

2400 

71% 

6  nm 

0.2 

1400 

0.36 

- 

81% 

6.5  nm 

0.1 

1500 

0.32 

6200 

7  5% 

7  nm 

0.1 

1600 

0.31 

4300 

69% 

7  nm 

0 

1700 

0.30 

- 

72% 

7  nm 

0 

1800 

0.23 

- 

64% 

7  nm 

0 

0900 

0.45 

_ 

67% 

6.5  nm 

0.3 

1000 

0.40 

5600 

69% 

6  nm 

0.2 

1100 

0.35 

- 

76% 

6  nm 

0.2 

1200 

0.43 

2250 

82% 

6  nm 

0.1 

1300 

0.43 

4000 

76% 

6  nm 

0.3 

1400 

0.43 

7  500 

7  7% 

5.5  nm 

0.5 

1500 

0.66 

1750 

74% 

6  nm 

0.3 

1600 

0.37 

2250 

74% 

6  nm 

0.2 

1700 

0.57 

1900 

71% 

6  nm 

0.2 

1800 

0.68 

- 

- 

7  nm 

0.2 

•>?  -v>.v vc^»:v; 


USS  AMMERICA  OBSERVATIONS  (NEPRF) 
(CONT. ) 


Date 

Local 

Time 

Optical 

Depth 

Particle 

#/cc 

RH 

Visibility 

Bx 

Cover 

6/23/86 

0800 

0.30 

- 

82% 

7  nm 

0 

0900 

0.30 

6200 

75% 

6.5  nm 

0 

1000 

0.28 

3600 

74% 

7  nm 

0 

1100 

0.32 

4400 

78% 

5  nm 

0 

1200 

0.29 

4000 

78% 

6  nm 

0 

1300 

0.29 

1900 

71% 

6  nm 

0 

1400 

0.26 

6800 

74% 

5.5  nm 

0 

1500 

0.32 

2700 

72% 

6  nm 

0 

1600 

0.28 

- 

71% 

6  nm 

0 

1700 

0.30 

10000 

7  6% 

6  nm 

0 

1800 

0.28 

- 

77% 

5  nm 

0 

6/24/86 

0800 

0.29 

4400 

76% 

5.5  nm 

0 

0900 

0.39 

11000 

76% 

5  nm 

0 

1000 

0.58 

12500 

65% 

6  nm 

0 

1100 

0.35 

7200 

71% 

6  nm 

0 

1200 

0.47 

- 

62% 

6  nm 

0 

1300 

0.39 

8500 

62% 

7  nm 

0 

1400 

0.39 

3300 

66% 

7  nm 

0 

1500 

0.70 

4800 

77% 

7  nm 

0.4 

1600 

0.68 

4000 

- 

7  nm 

0.3 

1700 

0.76 

- 

56% 

7  nm 

0.7 

1800 

0.79 

2200 

62% 

7  nm 

0.8 

6/25/86 

1400 

0.26 

2200 

82% 

6  nm 

0.1 

1500 

0.32 

2200 

82% 

7  nm 

0 

1600 

0.37 

3000 

70% 

7  nm 

0.2 

1700 

0.61 

9500 

78% 

6  nm 

0.3 

1800 

0.33 

- 

76% 

6  nm 

0.3 

6/26/86 

0800 

0.47 

4800 

91% 

6  nm 

0 

0900 

0.45 

3000 

91% 

6  nm 

0 

1000 

0.83 

12000 

81% 

6  nm 

0 

1100 

0.40 

- 

74% 

6  nm 

0 

1200 

0.59 

3500 

79% 

5.5  nm 

0 

1300 

0.43 

2650 

74% 

5.5  nm 

0 

1400 

0.50 

8500 

61% 

6  nm 

0 

1500 

0.61 

2400 

56% 

6  nm 

0 

1600 

0.40 

- 

- 

6  nm 

0 
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